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©  Method  of  forming  a  porous  preform. 
  A  porous  glass  optical  waveguide  preform  (47) is formed 
by  depositing  a  coating  of  glass  particulate  material  on  the 
lateral  surface  of  a  core  (46)  which  may  be  a  porous  glass 
body  continuously  produced  by  the  axial  deposition  of  glass 
particles.  The  core  (46)  rotates  and  moves  logitudinally  in 
one  direction  with  respect  to  two  flame  hydrolysis  burners 
(40,41) which emit streams of glass particles having different 
compositions.  In  addition,  the  two  burners  (40,  41)  recipro- 
catingly  move  with  respect  to  a  portion  of the  length  of  the 
core  (46).  The  speed  of  each  burner  (40,  41)  varies  as  it 
traverses  along  its  path  of  reciprocating  motion.  The  thick- 
ness  of  the  layer  produced  by  a  burner  at  a  given  point  is 
inversely  related  to  the  speed  of  the  burner  as  it  passes  that 
point.  The  layers  formed  by  the  completion  of  a  single 
traverse  by  both  burners  combine to  form  a  conically-shaped 
layer  (51),  the  composition  of  which  varies  from  the  base 
toward  the  apex  thereof.  The  conically-shaped  layers  (51), 
which  are  adjacently  located  longitudinally  along  the  pre- 
form,  combine  to  form  a  cylindrically-shaped  portion  of the 
preform. 



O p t i c a l   w a v e g u i d e   f i b r e s   h a v e   b e e n   g r e a t l y   i m p r o v e d  

d u r i n g   t h e   l a s t   d e c a d e .   F i b r e s   e x h i b i t i n g   v e r y   low  l o s s e s  

a r e   g e n e r a l l y   f o r m e d   by  c h e m i c a l   v a p o u r   d e p o s i t i o n   (CVD) 

t e c h n i q u e s   w h i c h   r e s u l t   in  t h e   f o r m a t i o n   of   e x t r e m e l y  

p u r e   m a t e r i a l s .   In  a c c o r d a n c e   w i t h   t h e s e   t e c h n i q u e s ,  

o p t i c a l   w a v e g u i d e   p r e f o r m s   can  be  f o r m e d   by  d e p o s i t i n g  

and  t h e r e a f t e r   c o n s o l i d a t i n g   g l a s s   p a r t i c l e s   c a l l e d   " s o o t "  

on  t h e   s u r f a c e   of  a  m a n d r e l   by  o u t s i d e   v a p o u r   d e p o s i t i o n  

(OVD),  or   on  t h e   i n s i d e   s u r f a c e   of   a  t u b e   w h i c h   l a t e r   f o r m s  

a t   l e a s t   a  p o r t i o n   of   t h e   c l a d d i n g   m a t e r i a l ,   or   by  s o m e  

c o m b i n a t i o n   of  t h e s e   t e c h n i q u e s .  

A l t h o u g h   CVD  t e c h n i q u e s   of   f o r m i n g   o p t i c a l   w a v e g u i d e  

p r e f o r m s   r e s u l t   in  t h e   f o r m a t i o n   of   o p t i c a l   w a v e g u i d e   f i b r e s  

h a v e   e x t r e m e l y   low  a t t e n u a t i o n ,   s u c h   t e c h n i q u e s   a r e   r e l a t i -  

v e l y   e x p e n s i v e .   F i b r e   m a n u f a c t u r i n g   c o s t   can  be  l o w e r e d   b y  

i n c r e a s i n g   p r e f o r m   s i z e   or   by  c o n t i n u o u s l y   d r a w i n g   f i b r e  

f r o m   a  p r e f o r m   w h i l e   t h e   p r e f o r m   i s   b e i n g   f o r m e d .   Bo th   o f  

t h e s e   c o s t   r e d u c i n g   t e c h n i q u e s   d e c r e a s e   t h e   n u m b e r   o f  

p r e f o r m   h a n d l i n g   and  p r o c e s s i n g   s t e p s   p e r   u n i t   of  f i b r e  

l e n g t h .  

The  OVD  t e c h n i q u e   r e a d i l y   l e n d s   i t s e l f   to   c o s t  

r e d u c t i o n   m o d i f i c a t i o n s .   I n i t i a l l y ,   p r e f o r m s   we re   m a d e  

l a r g e r   by  i n c r e a s i n g   t h e   d i a m e t e r .   T h i s   was  a c c o m p l i s h e d  

by  t r a v e r s i n g   t h e   b u r n e r   l o n g i t u d i n a l l y   a l o n g   t he   s o o t  

p r e f o r m   and  a d d i n g   t h e r e t o   a d d i t i o n a l   l a y e r s   of   i n c r e a s i n g  

r a d i u s .   T h e r e a f t e r ,   a x i a l   t e c h n i q u e s   w e r e   d e v e l o p e d   w h e r e -  

by  one  or  more   b u r n e r s   or  o t h e r   s o o t   d e p o s i t i n g   n o z z l e s  

w e r e   d i r e c t e d   a x i a l l y   t o w a r d   a  s t a r t i n g   m e m b e r .   As  t h e  

t h i c k n e s s   of  t h e   d e p o s i t e d   s o o t   l a y e r   i n c r e a s e s ,   t h e  

s t a r t i n g   member  moves   away  f r o m   t h e   b u r n e r s .   A x i a l   v a p o u r  

p h a s e   o x i d a t i o n   t e c h n i q u e s   a r e   d e s c r i b e d   in  U .S .   P a t e n t s  

Nos .   3 , 9 6 6 , 4 4 6 ,   4 , 0 1 7 , 2 8 8 ,   4 , 1 3 5 , 9 0 1 ,   4 , 2 2 4 , 0 4 6   and  4 , 2 3 1 ,  

7 7 4 .  



A  h y b r i d   t e c h n i q u e   w h e r e b y   a  c o r e   i s   f o r m e d   by  a x i a l  

v a p o u r   p h a s e   o x i d a t i o n ,   and   a  c l a d d i n g   l a y e r   i s   s i m u l t a n e -  

o u s l y   d e p o s i t e d   on  t h e   c o r e   by  r a d i a l l y   i n w a r d l y   d i r e c t e d  

g l a s s   s o o t   s t r e a m s   i s   d e s c r i b e d   in  U.S .   P a t e n t   N o s .  

3 , 9 5 7 , 4 7 4 ,   4 , 0 6 2 , 6 6 5   and   4 , 3 1 0 , 3 3 9 .   As  t h e   c o r e   i s   f o r m e d ,  

i t   i s   w i t h d r a w n   f r o m   t h e   b u r n e r s   or   n o z z l e s   w h i c h   f o r m e d   i t .  

The  c l a d d i n g   i s   d e p o s i t e d   by  s t a t i o n a r y   b u r n e r s   o r   n o z z l e s .  

S u b s t a n t i a l l y   c o n t i n u o u s   m e t h o d s   of  f o r m i n g   o p t i c a l  

w a v e g u i d e   f i b r e s   by  v a p o u r   p h a s e   o x i d a t i o n   t e c h n i q u e s   a r e  

d e s c r i b e d   i n   U . S .   P a t e n t   No.  4 , 2 3 0 , 4 7 2   and  U.K.  P a t e n t  

A p p l i c a t i o n   GB  2 , 0 2 3 , 1 2 7 A .  

D e p o s i t i o n   r a t e   i n   t h e   a f o r e m e n t i o n e d   CVD  p r o c e s s e s  
i s   d e t e r m i n e d   by  t h e   t e m p e r a t u r e   g r a d i e n t   w i t h i n   t h e   g a s  
s t r e a m   in   w h i c h   t h e   s o o t   p a r t i c l e s   a r e   e n t r a i n e d   ( s e e   t h e  

p u b l i c a t i o n ,   P.  G.  S i m k i n s   e t   a l . ,   " T h e r m o p h o r e s i s :   T h e  

Mass  T r a n s f e r   M e c h a n i s m   i n   M o d i f i e d   C h e m i c a l   V a p o u r  

D e p o s i t i o n " ,   J o u r n a l   o f   A p p l i e d   P h y s i c s ,   V o l . 5 0 ,   No.  9 ,  

S e p t e m b e r ,   1 9 7 9 ,   pp.   5 6 7 6 - 5 6 8 1 ) .   T h e r m o p h o r e s i s   d r i v e s  

t h e   s o o t   p a r t i c l e s   f r o m   t h e   h o t t e r   p a r t s   o f   t h e   gas   s t r e a m  

t o w a r d   t h e   c o o l e r   p a r t s .   B e c a u s e   t h e   s u b s t r a t e   o r   p r e f o r m  

s u r f a c e   i s   u s u a l l y   c o o l e r   t h a n   t h e   s u r r o u n d i n g   gas   s t r e a m ,  

t h e   a c t i o n   o f   t h e r m o p h o r e s i s   t e n d s   to   d r i v e   t h e   s o o t  

p a r t i c l e s   t o w a r d   t h e   p r e f o r m   s u r f a c e .   When  a  s u r f a c e   i s  

n e a r l y   as  h o t   as  t h e   s u r r o u n d i n g   gas  s t r e a m ,   t h e   t e m p e r a t - ,  

u r e   g r a d i e n t   i s   low.   T h u s ,   t h e   t h e r m o p h o r e s i s   e f f e c t   i s  

m i n i m a l ,   and  t h e   d e p o s i t i o n   r a t e   i s   low.   H o w e v e r ,   w h e n  

t h e   s u r f a c e   t e m p e r a t u r e   of   t h e   p r e f o r m   s u r f a c e   i s   l o w ,  

t h e   t h e r m o p h o r e s i s   e f f e c t   due  to   t h e   l a r g e   t h e r m a l   g r a d i e n t  

r e s u l t s   in  a  r e l a t i v e l y   h i g h   d e p o s i t i o n   r a t e .  

In  t h e   a f o r e m e n t i o n e d   h y b r i d   t e c h n i q u e ,   a  b u r n e r   i s  

c o n t i n u o u s l y   d i r e c t e d   a t   one   p o s i t i o n   on  t h e   p r e f o r m .   T h u s ,  

t h e   p r e f o r m   s u r f a c e   b e c o m e s   h o t ,   and  t h e   r a t e   of   d e p o s i t i o n  

i s   l i m i t e d   by  t h e   s m a l l   t e m p e r a t u r e   g r a d i e n t   b e t w e e n   t h e  

p r e f o r m   s u r f a c e   and  t h e   s o o t - c o n t a i n i n g   gas   s t r e a m .  

U .S .   P a t e n t   4 , 3 7 8 , 9 8 5   a c h i e v e s   an  e n h a n c e m e n t   i n  

d e p o s i t i o n   r a t e   and   e f f i c i e n c y   by  a d v a n t a g e o u s l y   u s i n g   t h e  



t h e r m o p h o r e s i s   e f f e c t .   In  a c c o r d a n c e   w i t h   t h a t   m e t h o d   a  

p o r o u s   g l a s s   o p t i c a l   w a v e g u i d e   p r e f o r m   i s   f o r m e d   b y  

d e p o s i t i n g   a  c o a t i n g   of  g l a s s   p a r t i c u l a t e   m a t e r i a l   on  t h e  

l a t e r a l   s u r f a c e   of   a  c o r e   w h i c h   may  be  a  p o r o u s   g l a s s  

b o d y   p r o d u c e d   by  t h e   a x i a l   d e p o s i t i o n   o f   g l a s s   p a r t i c u l a t e  

m a t e r i a l .   The  c o r e   r o t a t e s   and  moves   l o n g i t u d i n a l l y   i n  

one   d i r e c t i o n   w i t h   r e s p e c t   to  a  f l a m e   h y d r o l y s i s   b u r n e r .  

In  a d d i t i o n ,   t h e   b u r n e r   r e c i p r o c a t i n g l y   moves  w i t h   r e s -  

p e c t   to   a  p o r t i o n   of   t h e   l e n g t h   of  t h e   c o r e .   The  r e c i p -  

r o c a t i n g   m o t i o n   of   t h e   b u r n e r   r e l a t i v e   t o   t h e   c o r e   m a t e r i a l  

p e r m i t s   t h e   s o o t   p r e f o r m   to   c o o l   down  b e t w e e n   s u c c e s s i v e  

b u r n e r   p a s s e s ,   t h u s   i n c r e a s i n g   d e p o s i t i o n   r a t e   due  t o  

e n h a n c e d   t h e r m o p h o r e s i s .   The  c o n t i n u a l   l o n g i t u d i n a l  

m o v e m e n t   b e t w e e n   t h e   b u r n e r   and  t h e   c o r e   m a t e r i a l   p e r m i t s  

t h e   f o r m a t i o n   of  r e l a t i v e l y   l o n g   p r e f o r m s   or   t h e   c o n t i n u o u s  

p r o d u c t i o n   of   p r e f o r m s   f rom  w h i c h   f i b r e s   may  be  c o n t i n -  

u o u s l y   d r a w n ,   i f   so  d e s i r e d .   To  f o r m   a  r a d i a l   g r a d i e n t  

in   t h e   r e f r a c t i v e   i n d e x   of   t h e   p r e f o r m ,   t h e   c o m p o s i t i o n  

of   t h e   r e a c t a n t   v a p o u r   f e d   to   t h e   b u r n e r   i s   v a r i e d   i n  

a c c o r d a n c e   w i t h   t h e   p o s i t i o n   of  t h e   b u r n e r   a l o n g   i t s  

r e c i p r o c a t i n g   p a t h .   D u r i n g   t h e   r e c i p r o c a t i n g   m o v e m e n t   o f  

t h e   b u r n e r   a  c o n i c a l   s e c t i o n   of  p r e f o r m   i s   f o r m e d .  

I t   i s   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   to   p r o v i d e  

an  e f f i c i e n t   m e t h o d   and   a p p a r a t u s   f o r   f o r m i n g   g r a d e d   i n d e x  

or  o t h e r   n o n - u n i f o r m   r e f r a c t i v e   i n d e x   o p t i c a l   f i b r e  

p r e f o r m s .  

B r i e f l y ,   t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   i s   o f  

t h e   t y p e   w h e r e i n   a  c y l i n d r i c a l   c o r e   m e m b e r   i s   r o t a t e d  

a b o u t   i t s   l o n g i t u d i n a l   a x i s ,   and  a  p l u r a l i t y  o f   l a y e r s   o f  

g l a s s   p a r t i c l e s   a r e   d e p o s i t e d   t h e r e o n   t o   b u i l d   up  a  f i r s t  

c o a t i n g   of  g i v e n   t h i c k n e s s .   In  a c c o r d a n c e   w i t h   one  a s p e c t  

of   t h e   p r e s e n t   i n v e n t i o n  ,   t h e   l a y e r s   a r e   f o r m e d   b y  

d i r e c t i n g   t o w a r d   a  l a t e r a l   s u r f a c e   o f   t h e   c o r e   m e m b e r  

f i r s t   and  s e c o n d   s t r e a m s   of  g l a s s   p a r t i c l e s ,   t h e   c o m p o s i t -  

i o n   of   t h e   f i r s t   s t r e a m   b e i n g   d i f f e r e n t   f r o m   t h a t   of  t h e  



s e c o n d   s t r e a m .   The  f i r s t   s t r e a m   i s   r e c i p r o c a t i n g l y   m o v e d  

a l o n g   a  g i v e n   l e n g t h   of   t h e   c o r e   m e m b e r .   The  s e c o n d  

s t r e a m   i s   r e c i p r o c a t i n g l y   moved   a l o n g   a  l e n g t h   of   t h e   c o r e  

m e m b e r   w h i c h   i n c l u d e s   t h e   g i v e n   l e n g t h .   The  v e l o c i t i e s  

o f   t h e   f i r s t   and  s e c o n d   s t r e a m   v a r y   d u r i n g   t h e   f o r m a t i o n  

of   t h e   f i r s t   c o a t i n g ,   t h e   f u n c t i o n  b y   w h i c h   t h e   f i r s t  

s t r e a m   v a r i e s   b e i n g   d i f f e r e n t   f r o m   t h e   f u n c t i o n   by  w h i c h  

t h e   s e c o n d   s t r e a m   v a r i e s .   The  v e l o c i t y   of   e a c h   s t r e a m   i s  

a  f u n c t i o n   o f   t h e   r a d i u s   o f   t h a t   p a r t   o f   t h e   f i r s t   c o a t i n g  

t h a t   i s   b e i n g   f o r m e d   t h e r e b y .  

In  a c c o r d a n c e   w i t h   a  f i r s t   e m b o d i m e n t ,   t h e   v e l o c i t y  

o f   e a c h   s t r e a m   i s   a  f u n c t i o n   of   t h e   r a d i u s   of   t h e   c y l i n d r i -  

c a l   l a y e r   b e i n g   d e p o s i t e d .   The  f i r s t   s t r e a m   may  d e p o s i t  

p a r t i c l e s   of   g l a s s   h a v i n g   a  r e f r a c t i v e   i n d e x   l o w e r   t h a n  

t h a t   of   t h e   p a r t i c l e s   of   t h e   s e c o n d   s t r e a m .   The  v e l o c i t y  

o f   t h e   f i r s t   s t r e a m   d e c r e a s e s ,   and   t h e   v e l o c i t y   o f   t h e  

s e c o n d   s t r e a m   i n c r e a s e s   as  t h e   r a d i u s   of  t h e   f i r s t   c o a t i n g  

i n c r e a s e s .   The  i n s t a n t a n e o u s   d i r e c t i o n   of   m o v e m e n t   o f  

t h e   f i r s t   s t r e a m   may  be  o p p o s i t e   t h a t   of  t h e   s e c o n d   s t r e a m .  

In  a c c o r d a n c e   w i t h   a n o t h e r   e m b o d i m e n t   t h e   c o r e   m e m b e r  

i s   l o n g i t u d i n a l l y   moved  in   one  d i r e c t i o n ,   and  e a c h   of   t h e  

f i r s t   and  s e c o n d   s t r e a m s   t r a v e r s e s   t h e   c o r e   member   a t   a  

v e l o c i t y   t h a t   i s   a  f u n c t i o n   of   t h e   p o s i t i o n   of   t h e   s t r e a m  

a l o n g   i t s   p a t h   o f   r e c i p r o c a t i o n ,   t h e   v e l o c i t y   v e r s u s   p o s i t -  

i o n   f u n c t i o n   of   t h e   f i r s t   s t r e a m   b e i n g   d i f f e r e n t   f r o m   t h a t  

o f   t h e   s e c o n d   s t r e a m .   The  c o m b i n e d   e f f e c t s   of   t h e   s t r e a m s  

a r e   s u c h   t h a t   c o n t i n u e d   p e r f o r m a n c e   o f   t h e   m e t h o d   r e s u l t s  

i n  t h e   d e p o s i t i o n   o f   a  p a r t i c u l a t e   m a t e r i a l   c o a t i n g   o f  

g i v e n   t h i c k n e s s   on  t h e   c o r e ,   t h e   c o a t i n g   t h i c k n e s s   t a p e r -  

i n g   f rom  t h e   g i v e n   t h i c k n e s s   to   z e r o   t h i c k n e s s   in   t h e  

r e g i o n   of   r e c i p r o c a t i n g   m o v e m e n t   of   t h e   s t r e a m s .   T h e  

r e f r a c t i v e   i n d e x   of   t h e   p a r t i c l e s   of   t h e   s e c o n d   s t r e a m   i s  

g r e a t e r   t h a n   t h a t   of   t h e   p a r t i c l e s   o f   t h e   f i r s t   s t r e a m .  

The  v e l o c i t y   of   t h e   f i r s t   s t r e a m   i s   l e s s   t h a n   t h a t   of   t h e  

s e c o n d   s t r e a m   when  t h e y   a r e   d e p o s i t i n g   o n  t h e   r e l a t i v e l y  

t h i c k   p o r t i o n   of   t h e   c o a t i n g .   The  v e l o c i t i e s   of   b o t h  

s t r e a m s   c h a n g e   as  t h e y   l o n g i t u d i n a l l y   t r a v e r s e   t o w a r d   t h e  



t h i n n e r   r e g i o n   of  t h e   d e p o s i t .   The  c o m b i n e d   a c t i o n   o f  

b o t h   s t r e a m s   r e s u l t s   in   t h e   f o r m a t i o n   of  a  p o r o u s   p r e f o r m  

h a v i n g   a  t u b u l a r   s e c t i o n   h a v i n g   a  g r a d i e n t   r e f r a c t i v e  

i n d e x .  

The  c o r e   member   may  c o m p r i s e   a  t e m p o r a r y   m a d r e l   or   a n  

o p t i c a l   q u a l i t y   g l a s s   r o d   t h a t   w i l l   e v e n t u a l l y   f o rm  t h e  

c e n t r a l   r e g i o n   of   t h e   r e s u l t a n t   o p t i c a l   f i b r e .   In  o n e  

e m b o d i m e n t   t h e   c o r e   member   i s   a  c o n t i n u o u s l y   f o r m e d   p o r o u s  

g l a s s   m e m b e r .   One  or   more   s t r e a m s   of   g l a s s   p a r t i c l e s   m a y  
be  d i r e c t e d   t o w a r d   t h e   end   p o r t i o n   of   t h e   c o r e   member  t o  

c o n t i n u o u s l y   b u i l d   up  t h e   l e n g t h   t h e r e o f   as  t h e   c o r e  

member   i s   l o n g i t u d i n a l l y   moved  so  t h a t   t h e   end   s u r f a c e  

r e m a i n s   a t   a  s u b s t a n t i a l l y   f i x e d   p o s i t i o n .   In  o r d e r   t o  

l e s s e n   t h e   s e v e r i t y   of   d i s c o n t i n u i t i e s   w h i c h   may  e x i s t   a t  

t h e   o u t e r   r e g i o n   of  s u c h   a  c o n t i n u o u s l y   f o r m e d   c o r e  

m e m b e r ,   t h e   s t r e a m s   of  g l a s s   p a r t i c l e s   t h a t   a r e   a x i a l l y  

d i r e c t e d   t o w a r d   t h e   c o r e   member   end   s u r f a c e   can   be  m o v e d  

in  an  o s c i l l a t o r y   f a s h i o n   a l o n g  a n   a r c u a t e   p a t h   w h i l e   t h e  

s t r e a m s   a r e   c o n t i n u o u s l y   d i r e c t e d   t o w a r d   t h e   end   s u r f a c e .  

The  p r e s e n t   i n v e n t i o n   a l s o   i n c l u d e s   a p p a r a t u s   f o r  

p e r f o r m i n g   t h e   a f o r e m e n t i o n e d   f u n c t i o n s .  

P r a c t i s i n g   t h e   a b o v e - d e s c r i b e d   m e t h o d s   r e s u l t s   i n  

t h e   f o r m a t i o n   of   a  p o r o u s   p r e f o r m   c o m p r i s i n g   a  c y l i n d r i c a l -  

l y - s h a p e d   r e g i o n   f o r m e d   by  a  p l u r a l i t y   of  a d j a c e n t   l a y e r s .  

Each  l a y e r   i s   f o r m e d   of   two  s u b l a y e r s   of   g l a s s   p a r t i c l e s ,  

t h e   f i r s t   s u b l a y e r   h a v i n g   a  r e f r a c t i v e   i n d e x   g r e a t e r   t h a n  

t h a t   of   t h e   s e c o n d   s u b l a y e r .   Each  s u b l a y e r   c o m p r i s e s   t w o  

s e c t i o n s ,   a  f i r s t   s e c t i o n   o f   t h e   f i r s t   s u b l a y e r   b e i n g  

a d j a c e n t   to   one  of  t h e   i m m e d i a t e l y   a d j a c e n t   l a y e r s   a n d  

t h e   s e c o n d   s e c t i o n   of  t h e   f i r s t   s u b l a y e r  b e i n g   a d j a c e t   t o  

t h e   o p p o s i t e   i m m e d i a t e l y   a d j a c e n t   l a y e r .  

In  one  e m b o d i m e n t   w h e r e i n   t h e   l a y e r s   a r e   c y l i n d r i c -  

a l l y   s h a p e d ,   t h e   t h i c k n e s s   of  t h e   f i r s t   s u b l a y e r  

d e c r e a s e s   w i t h   e a c h   s u c c e s s i v e   l a y e r   of   l a r g e r   r a d i u s .  

In  an  e m b o d i m e n t   w h e r e i n   t h e   l a y e r s   a r e   c o n i c a l l y -  



s h a p e d ,   t h e   t h i c k n e s s   of   t h e   f i r s t   s u b l a y e r   d e c r e a s e s  

t o w a r d   t h e   b a s e   o f   e a c h   c o n i c a l l y - s h a p e d   l a y e r .  

In  t h e   a c c o m p a n y i n g   d r a w i n g s :  

F i g u r e   1  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of   t h e   a p p -  
a r a t u s   o f   t h i s   i n v e n t i o n ,  

F i g u r e   2  i l l u s t r a t e s   t h e   a n g u l a r   o r i e n t a t i o n   o f  

v a r i o u s   c o m p o n e n t s   o f   F i g u r e   1  w i t h   r e s p e c t   to   t h e   p r e f o r m  

a x i s ,  

F i g u r e   3  i s   a  f r o n t   e l e v a t i o n a l   v i e w   of  a  v a r i a b l e  

s p e e d   b u r n e r   t r a v e r s i n g   m e c h a n i s m ,  

F i g u r e   4  shows   t h e   f a c e   of  a  b u r n e r   w h i c h   may  b e  

e m p l o y e d   w i t h   t h e   a p p a r a t u s   of   t h e   i n v e n t i o n ,  

F i g u r e   5  s c h e m a t i c a l l y   i l l u s t r a t e s   in   b l o c k   d i a g r a m  

f o r m   a  s y s t e m   f o r   c o n t r o l l i n g   t h e   s p e e d   o f   b u r n e r s   40  a n d  

41  of  F i g u r e   1 ,  

F i g u r e   6  i s   a  g r a p h   of   b u r n e r   v e l o c i t y   v.  b u r n e r  

p o s i t i o n ,  

F i g u r e  7   i s   a  s c h e m a t i c   i l l u s t r a t i o n   of   a  r e a c t a n t  

d e l i v e r y   s y s t e m   w h i c h   may  be  e m p l o y e d   w i t h   t h e   a p p a r a t u s  
o f   F i g u r e   1 ,  

F i g u r e s   8  and   9  a r e   g r a p h s   of  w e i g h t   p e r c e n t   GeO,  v ,  
c o r e   d i a m e t e r   f o r   two  o p t i c a l   w a v e g u i d e   p r e f o r m s   f o r m e d  

by   e m p l o y i n g   two  d i f f e r e n t   e m b o d i m e n t s   of   t h e   p r e s e n t  

i n v e n t i o n ,  

F i g u r e   10  shows   an  a p p a r a t u s   f o r   r o c k i n g   a x i a l  

b u r n e r s   a b o u t   t h e   t i p   of   a  p r e f o r m ,  

F i g u r e   11  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g   l i n e  

I I - I I   of  F i g u r e   1 0 ,  

F i g u r e s   12  and   13  a r e   s c h e m a t i c   r e p r e s e n t a t i o n s   o f  

t h e   b u r n e r s   a t   d i f f e r e n t   t i m e s   d u r i n g   t h e i r   m o v e m e n t  

c y c l e ,  

F i g u r e   14  i s   a  p l a n   v i e w   of   an  a p p a r a t u s  f o r   c h a n g i n g  
t h e   d i r e c t i o n   of   a  s o o t   s t r e a m ,  

F i g u r e   15  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   i l l u s t r a t i n g  

b u r n e r   m o v e m e n t   when  t h e   a p p a r a t u s   of   F i g u r e   14  i s   e m p l o y -  

e d ;   a l s o   i l l u s t r a t e d   i s   a  b u r n e r   t r a v e r s e   p a t h   h a v i n g   b o t h  

l i n e a r   and  a r c u a t e   s e c t i o n s ,  



F i g u r e   16  i l l u s t r a t e s   a  f u r t h e r   e m b o d i m e n t   of   a n  

a p p a r a t u s   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,  

F i g u r e   17  i l l u s t r a t e s   a  c o n t i n u o u s   f i b r e   d r a w i n g  

p r o c e s s ,  

F i g u r e   18  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   of  a  

p o r o u s   p r e f o r m   w h i c h   may  be  p r o d u c e d   by  t h e   m e t h o d   o f  

t h e   p r e s e n t   i n v e n t i o n ,  

F i g u r e   19  i l l u s t r a t e s   a  f u r t h e r   e m b o d i m e n t   of  a n  

a p p a r a t u s   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   a n d  

F i g u r e   20  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   of   a  

p o r o u s   p r e f o r m   f o r m e d   by  t h e   a p p a r a t u s   of   F i g u r e   1 9 .  

One  e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n   i s   i l l u s t r a t e d  

in  F i g u r e s   1  t o   5.  T h i s   a p p a r a t u s   c o m p r i s e s   two  l a t e r a l l y  

d i s p o s e d   b u r n e r s   40  and  41  w h i c h   a r e   e m p l o y e d   t o   d e p o s i t  

t h e   o u t e r   r e g i o n   of  t h e   g r a d e d   i n d e x   t r a v e r s e .  

O u t e r   c o r e   r e g i o n   50  can   be  f o r m e d   w i t h   a  r a d i a l  

r e f r a c t i v e   i n d e x   g r a d i e n t   by  a p p r o p r i a t e l y   c o n t r o l l i n g  

t h e   r a t i o   of   t h e   s p e e d s   of   b u r n e r s   40  and   41  as  t h e y  

t r a v e r s e   e a c h   p o i n t   a l o n g   a x i s   42  b e t w e e n   e x t r e m e s   C  a n d  

D  of   t h e i r   p a t h .   For   e x a m p l e ,   i f   b u r n e r   40  d e p o s i t s   S i 0 2  
d o p e d   w i t h   30  w e i g h t   p e r c e n t   GeO2  and  t h e   p r e s c r i b e d  

p r o f i l e   r e q u i r e s   25  w e i g h t   p e r c e n t   GeO2  a t   a  p a r t i c u l a r  

p o i n t ,   t h e n   b u r n e r   41  w o u l d   move  a b o u t   f i v e   t i m e s   f a s t e r  

t h a n   b u r n e r   40  p a s t   t h a t   p a r t i c u l a r   p o i n t .   L i k e w i s e ,   i f  

t h e   c o m p o s i t i o n   r e q u i r e d   a t   a n o t h e r   r a d i u s   w i t h i n   o u t e r  

c o r e   r e g i o n   50  is   5  w e i g h t   p e r c e n t   GeO2  t h e n   b u r n e r   41  w o u l d  

move  a b o u t   1/5  as  f a s t   as  b u r n e r   40  a t   t h a t   p o i n t .   T h e  

m e c h a n i c a l   i m p l e m e n t a t i o n   of   t h e   i n v e n t i o n   i s   s i m p l i f i e d  

i f   t h e   f o l l o w i n g   c o n d i t i o n s   e x i s t :   (1)  t h a t   b u r n e r   4 0  

d e p o s i t s   a  c o m p o s i t i o n   c o n t a i n i n g   a  s o m e w h a t   h i g h e r   d o p a n t  

c o n c e n t r a t i o n   t h a n   t h a t   r e q u i r e d   a t   any  p a r t   of   t h e  

p r o f i l e   and  (2)  t h a t   t h e   o u t e r m o s t   r e g i o n   o f   t h e   c o r e  

c o n t a i n s   a  s m a l l   amoun t   of  t h e   c o r e   d o p a n t .   One  f u r t h e r  

c o n d i t i o n   w h i c h   makes  t h e   m a t h e m a t i c s   s i m p l e r   i s   t h a t  

e q u a l   t i m e s   be  s e t   f o r   b u r n e r s   40  and  41  t o   make  t h e   r o u n d  



t r i p   b e t w e e n   p o i n t s   C  and  D.  The  g r a p h   of   F i g u r e   6 

shows  t h e   c a l c u l a t e d   s p e e d s   of   b u r n e r s   40  and   41  a t   e a c h  

b u r n e r   p o s i t i o n   b e t w e e n   p o i n t s   C  and  D  i n   o r d e r   to   form  a  

g r a d e d   i n d e x   p r o f i l e   h a v i n g   an  a l p h a   v a l u e   of  2 .  

An  a p p a r a t u s   s u i t a b l e   f o r   t r a v e r s i n g   a  b u r n e r   a t   a  

v a r i a b l e   s p e e d   b e t w e e n   two  p o i n t s   i s   shown  in   F i g u r e   3 .  

A  v e r t i c a l   t a b l e   65  i s   s i t u a t e d   on  t h a t   s i d e   of  p r e f o r m  

a x i s   42  o p p o s i t e   e x h a u s t   h o o d   39  ( s e e   F i g u r e   4 ) .   O n l y  

t h e   a p p a r a t u s   e m p l o y e d   in   t h e   v e r t i c a l   m o v e m e n t   of   b u r n e r  

41  i s   shown  in   t h i s   F i g u r e ,   s i m i l a r   a p p a r a t u s   b e i n g   e m p l o y e d  

in  t h e   m o v e m e n t   o f   b u r n e r s   40  and  55.   V e r t i c a l   s h a f t   66  i s  

s u p p o r t e d   in   s p a c e d   r e l a t i o n s h i p   w i t h   r e s p e c t   t o   t a b l e   65  

by  s u p p o r t s   67  and   68.  Two  s u p p o r t   r i b s   69  a r e   c o n n e c t e d  

to   p l a t e   71.  B u r n e r   41  i s   m o u n t e d   on  an  x - y   p o s i t i o n e r   7 0  

w h i c h   i s   a f f i x e d   t o   p l a t e   71.  The  e n d s   o f   r i b s   69  a r e  

p r o v i d e d   w i t h   b u s h i n g s   72  t h r o u g h   w h i c h   s h a f t   66  p a s s e s .  

A l s o   m o u n t e d   on  p l a t e   71  i s   a  r e v e r s i n g   m e c h a n i s m   73.  A 

v a r i a b l e   s p e e d   d r i v e   m o t o r   74  i s   c o u p l e d   t o   s h a f t   75 

w h i c h   i s   v e r t i c a l l y   s u p p o r t e d   by  b e a r i n g s   76.  S h a f t   7 5 ,  

w h i c h   r o t a t e s   in   o n l y   one  d i r e c t i o n ,   o p e r a t i v e l y   e n g a g e s  

r e v e r s i n g   m e c h a n i s m   73.  To  p r o v i d e   g r e a t e r   s t a b i l i t y ,  

p l a t e   71  can   be   p r o v i d e d   w i t h   one  or   m o r e   a d d i t i o n a l   s e t s  

of  r i b s   h a v i n g   b u s h i n g s   w h i c h   a r e   s l i d a b l y   m o u n t e d   o n  

a d d i t i o n a l   v e r t i c a l   s h a f t s .  

M o t o r   74  i s   a  s t e p p i n g   m o t o r ,   t h e   r o t a t i o n a l   s p e e d  

of   w h i c h   d e p e n d s   upon   t h e   f r e q u e n c y   of   an  i n p u t   s i g n a l  

a p p l i e d   t h e r e t o .   S h a f t   75  h a s   a  s m o o t h   s u r f a c e   w h i c h  

c o n t a c t s   an  a n g u l a r l y   o r i e n t a t e d   member   ( n o t   s h o w n )  

w h i c h   f o r m s   a  p a r t   o f   r e v e r s i n g   m e c h a n i s m   73.  The  v e r t i c a l  

s p e e d   of   p l a t e   71  i s   d e t e r m i n e d   by  b o t h   t h e   r o t a t i o n a l  

s p e e d   of  s h a f t   75  and  t h e   s p e c i f i c   o r i e n t a t i o n   or   s w i t c h e d  

s t a t e   of  t h e   a n g u l a r l y   o r i e n t a t e d   m e m b e r   w i t h   r e s p e c t   t o  

t h e   s h a f t .   When  r e v e r s i n g   m e c h a n i s m   73  c o n t a c t s   one  o f  

t h e   s t o p s   77,   w h i c h   a r e   a f f i x e d   t o   t a b l e   65,  t h e   a n g u l a r l y  

o r i e n t a t e d   m e m b e r   of   m e c h a n i s m   73  i s   m e c h a n i c a l l y   s w i t c h e d  

to   an  o p p o s i t e   s t a t e   w h e r e b y   t h e   d i r e c t i o n   of  m o v e m e n t  



of   p l a t e   71  r e v e r s e s .   O b v i o u s l y ,   o t h e r   c o m p a r a b l e  

r e v e r s i b l e   d r i v e   m e c h a n i s m s   c o u l d   be  e m p l o y e d .   F o r  

e x a m p l e ,   a  r a c k   and  p i n i o n   g e a r   a r r a n g e m e n t   c o u l d   be  u s e d  

in  c o n j u n c t i o n   w i t h   a  r e v e r s i b l e   m o t o r .  

B e c a u s e   of   t h e   n u m b e r   of   c o m p o n e n t s   w h i c h   h a d   to   b e  

u s e d   w i t h i n   a  c o n f i n e d   s p a c e ,   a  r e l a t i v e l y   s m a l l   b u r n e r  

was  e m p l o y e d .   The  f r o n t   f a c e   79  of   t h e   b u r n e r   i l l u s t r a t e d  

in  F i g u r e   4  i s   a b o u t   20  mm  by  32  mm.  C e n t r a l l y   d i s p o s e d  

on  f a c e   79  i s   an  o r i f i c e   80  f o r   d e l i v e r i n g   a  s t r e a m   o f  

r e a c t a n t   v a p o u r s .   O r i f i c e   80  i s   s u r r o u n d e d   by  a  c i r c u l a r  

a r r a y   of   o r i f i c e s   81  l o c a t e d   on  a  r a d i u s   of   2 .6   mm.  O x y g e n  
i s s u e s   f rom  o r i f i c e s   81  to   fo rm  a  s o - c a l l e d   " i n n e r   s h i e l d "  

of   o x y g e n   a r o u n d   t h e   r e a c t a n t   v a p o u r   s t r e a m .   P r e m i x e d  

o x y g e n   a n d  f u e l   gas   i s s u e   f r o m   o r i f i c e s   82  w h i c h   a r e  

d i s p o s e d   on  f a c e   79  in   a  s q u a r e   a r r a y   w h i c h   i s   a b o u t   9  mm 

b e t w e e n   o p p o s e d   l i n e a r   a r r a y s .  

F i g u r e   5  shows  in  b l o c k   d i a g r a m   f o r m   a  c i r c u i t   w h i c h  

may  be  e m p l o y e d   to   c o n t r o l   t h e   s p e e d   of   t h e   d r i v e   m o t o r .  

The  c o m p u t e r   s y s t e m   84  may  c o n s i s t   of   a  PDP  1 1 / 3 4   m i n i  

c o m p u t e r   h a v i n g   a  CAMAC  i n t e r f a c e .   C o m p u t e r   84  s t o r e s   a  

s e r i e s   of   d i g i t a l   n u m b e r s ,   e a c h   one  c o r r e s p o n d i n g   to   t h e  

v e l o c i t y   of  t he   b u r n e r   a t   e a c h   p o i n t   a l o n g   i t s   t r a v e r s e .  

The  c o m p u t e r   d e t e r m i n e s   b u r n e r   v e l o c i t y   and  s e n d s   a  

d i g i t a l   n u m b e r   to   d i g i t a l - t o - a n a l o g   c o n v e r t e r   85.  T h e  

o u t p u t   of   c o n v e r t e r   85  i s   c o u p l e d   to   v o l t a g e - t o - f r e q u e n c y  

c o n v e r t e r   86  w h i c h   t r a n s m i t s   a  s e r i e s   of   s q u a r e   w a v e  

p u l s e s   to   b o t h   a m p l i f i e r   87  and  p r e s e t t a b l e   u p - d o w n  

c o u n t e r   88.  C o u n t e r   88  k e e p s   t r a c k   of  t h e   p o s i t i o n   t o  

w h i c h   t h e   b u r n e r   h a s   b e e n   d r i v e n   by  c o u n t i n g   t he   p u l s e s  
t r a n s m i t t e d   t h e r e t o   f rom  c o n v e r t e r   86.  In  t h e   s p e c i f i c  

e x a m p l e   d e s c r i b e d   h e r e i n b e l o w   c o m p u t e r   84  p r o v i d e d  

c o n v e r t e r   85  w i t h   a  d i g i t a l   n u m b e r   one  h u n d r e d   and  o n e  

t i m e s   d u r i n g   t h e   t r a v e r s e   of   a  b u r n e r   b e t w e e n   l i m i t   s w i t c h e s  

8 9 .  

C o u n t e r   88  i s   p r e s e t   by  c o m p u t e r   84  to   a  n u m b e r  

c o r r e s p o n d i n g   to   t h e   n u m b e r   of  s t e p s   t h a t   t h e   m o t o r   i s   t o  

be  d r i v e n   b e f o r e   a  s p e e d   c h a n g e   i s   to   be  made .   As  e a c h  



s t e p   i s   m a d e ,   t h e   c o u n t e r   i s   d e c r e m e n t e d   by  o n e .   W h e n  

t h e   c o u n t e r   u n d e r f l o w s   ( c o u n t s   down  to   -1)   i t   g e n e r a t e s  

an  i n t e r r u p t   s i g n a l   w h i c h   i s   t r a n s m i t t e d   to   c o m p u t e r   8 4 .  

The  c o m p u t e r   a c k n o w l e d g e s   t h e   i n t e r r u p t   s i g n a l   by  r u n n i n g  

t h e   s u b r o u t i n e   w h i c h   c h a n g e s   t h e   m o t o r   s p e e d ,   w h e n  

n e c e s s a r y ,   by  t r a n s m i t t i n g   a  new  d i g i t a l   s i g n a l   t o  

c o n v e r t e r   85,  and   i t   a l s o   r e s e t s   c o u n t e r   88.  When  a  l i m i t  

s w i t c h   89  i s   c o n t a c t e d   by  p l a t e   71,  t h e   c l o s i n g   of   t h a t  

s w i t c h   c a u s e s   i n t e r r u p t   m o d u l e   90  t o   g e n e r a t e   an  i n t e r r u p t  

s i g n a l   w h i c h   i s   t r a n s m i t t e d   t o   c o m p u t e r   84  to   i n f o r m   t h e  

c o m p u t e r   t h a t   r e v e r s i n g   m e c h a n i s m   73  h a s   b e e n   m e c h a n i c a l l y  

s w i t c h e d .   The  i n t e r r u p t   s i g n a l s   g e n e r a t e d   by  m o d u l e   9 0  

a r e   u s e d   by  t h e   c o m p u t e r   t o   k e e p   t h e   b u r n e r   in   p r o p e r  

s e q u e n c e ,   n o t   o n l y   as  r e g a r d s   t h e   c o r r e c t e d   v e l o c i t y  

w i t h   r e s p e c t   to   p o s i t i o n   a l o n g   t h e   p r e f o r m ,   b u t   a l s o   w i t h  

r e s p e c t   to   t h e   o t h e r   b u r n e r s .  

The  a p p a r a t u s   of   F i g u r e s   1  t h r o u g h   5  was  e m p l o y e d   i n  

t h e   f o l l o w i n g   m a n n e r   to   f o r m   an  o p t i c a l   w a v e g u i d e   f i b r e .  

In  t h i s   s p e c i f i c   e x a m p l e ,   t h e   s y s t e m   of   F i g u r e   5  c o n s i s t e d  

of  t h e   f o l l o w i n g   c o m p o n e n t s .   R e v e r s i n g   m e c h a n i s m   73  was  a  

U h i n g   Mode l   3  RG  3 0 / 3 5 .   M o t o r   74  was  a  S l o - S y n   s t e p p i n g  

m o t o r ,   t h e   s h a f t   of  w h i c h   r o t a t e d   1 / 2 0 0   r e v o l u t i o n   f o r   e a c h  

i n p u t   p u l s e .   A m p l i f i e r   87  was  a  Mode l   ST105  p a c k a g e d  

t r a n s l a t o r .   B o t h   m o t o r   74  and  a m p l i f i e r   87  w e r e   m a n u f a c t -  

u r e d   by  t h e   S u p e r i o r   E l e c t r i c   Co.  The  t r a n s l a t o r   i s   a  

h i g h   s p e e d   m o t o r   c o n t r o l   d e v i c e   w h i c h   r e c e i v e s   p u l s e s  

f r o m   c o n v e r t e r   86  and   c o n v e r t s   t h o s e   p u l s e s   i n t o   t h e  

s w i t c h i n g   s e q u e n c e   n e e d e d   t o   d r i v e   t h e   m o t o r   in   s t e p s .  

C o n v e r t e r   85  was  a  Mode l   3112  8 - C h a n n e l ,   1 2 - b i t   D / A  

c o n v e r t e r .   C o n v e r t e r   86  was  a  M o d e l   3560  Quad  V - F  

c o n v e r t e r .   C o u n t e r   88  was  a  Mode l   3640  4 - C h a n n e l ,   U p -  

Down  p r e s e t t a b l e   c o u n t e r .   C o n v e r t e r s   85  and  86,   c o u n t e r  

88  and   t h e   CAMAC  i n t e r f a c e   f o r   c o m p u t e r   84  w e r e   m a n u f a c t -  

u r e d   by  K i n e t i c   S y s t e m s   C o r p .  

B u r n e r   p o s i t i o n   and  o r i e n t a t i o n   w i l l   be  d e f i n e d   b y  

t h e   d i s t a n c e   b e t w e e n   t h e   b u r n e r   f a c e   and  p r e f o r m   a x i s   42  



and  t h e   a n g l e s   b e t w e e n   t h e   b u r n e r   a x i s   and  b o t h   p r e f o r m  

a x i s   42  and  p l a n e   43.  The  b u r n e r   a x i s   i s   h e r e i n   d e f i n e d  

as  t h a t   l i n e   p e r p e n d i c u l a r   to   t h e   b u r n e r   f a c e   a b o u t   w h i c h  

t h e   i n i t i a l l y - f o r m e d   p o r t i o n   of  t h e   s o o t   s t r e a m   i s  

s y m m e t r i c a l .   End  s u r f a c e   49  of   p r e f o r m   47  was  c o n t i n u o u s l y  

f o r m e d   by  a x i a l   b u r n e r s   44  and  45  w h i c h   we re   l o c a t e d  

a b o u t   10  cm  f r o m   s u r f a c e   49.  The  a x e s   of   b u r n e r s   44  a n d  

45  f o r m e d   a n g l e s   of   50°   and  70° ,   r e s p e c t i v e 7 . y , w i t h   p r e -  

fo rm  a x i s   42,  and   t h e   a n g l e   a  b e t w e e n   t h e   a x i s   of  e a c h   o f  

t h e s e   b u r n e r s   and   p l a n e   43  was  30° .   L a t e r a l   b u r n e r s   40  a n d  

41  we re   l o c a t e d   14  cm  f rom  a x i s   42,  and  b o t h   t r a v e r s e d   a  

d i s t a n c e   of  1 8 . 4   cm  a l o n g   p r e f o r m   47  b e t w e e n   p o i n t s   C  a n d  

D,  t h e r e b y   g e n e r a t i n g   c o n i c a l l y - s h a p e d   r e g i o n   51.   T h e  

a n g l e s   β  and  0  b e t w e e n   b u r n e r s   40  and   41  and  p l a n e   43  

were   37°  and  4 5 ° ,   r e s p e c t i v e l y .   End  p o i n t   C  of  t h e  

t r a v e r s e   of  b u r n e r s   40  and  41  was  s u c h   t h a t   t h e   s o o t  

d e p o s i t e d   by  t h o s e   b u r n e r s   a t   end   p o i n t   C  s l i g h t l y   o v e r -  

l a p p e d   t h e   d e p o s i t   b e i n g   f o r m e d   by  b u r n e r s   44  and  4 5 ,  

p o i n t   C  b e i n g   a b o u t   1 .5  cm  a b o v e   t h e   t i p   of   end  s u r f a c e   4 9 .  

The  v e l o c i t i e s   of   b u r n e r s   40  and  41  v a r i e d   w i t h   r e s p e c t  

to   b u r n e r   p o s i t i o n   in  a c c o r d a n c e   w i t h   t h e   c u r v e s   o f  

F i g u r e   8.  The  v e l o c i t i e s   of  b u r n e r s   40  and  41  a t   p o i n t   C 

w e r e   4  c m / s e c   and   8  c m / s e c . ,   r e s p e c t i v e l y ,   and  a t   p o i n t   D 

w e r e   16  c m / s e c   and   3 .2   c m / s e c . ,   r e s p e c t i v e l y .   B u r n e r s   5 5 a  

and  55b.,  w h i c h   c o n s i s t e d   of  two  b u r n e r s   m o u n t e d   in   t a n d e m  

and  l o c a t e d   1 5 . 2   cm  f r o m   a x i s   42,  t r a v e r s e d   a l o n g   a x i s   42  

b e t w e e n   p o i n t s   E  and   F  a t   a  c o n s t a n t   v e l o c i t y .   In  t h i s  

e m b o d i m e n t ,   b u r n e r   55b  d e p o s i t e d   p u r e   s i l i c a   w h e r e a s   b u r n e r  

55a  f u n c t i o n e d   as  an  a u x i l i a r y   b u r n e r   and  m e r e l y   s u p p l i e d  

h e a t .   B u r n e r . 5 5 b   t r a v e r s e d   a b o u t   25  mm  p a s t   t h e   end  p o i n t  

D  of  t r a v e r s e   o f   b u r n e r s   40  and  41.  P o i n t   F  was  l o c a t e d  

1 7 . 8   cm  a b o v e   p o i n t   E .  

A  d r a w i n g   m e c h a n i s m   and  c h u c k   s i m i l a r   to   t h o s e   o f  

U .S .   P a t e n t   4 , 3 7 8 , 9 8 5   w e r e   e m p l o y e d .   P r e f o r m   47  was  t r a v -  

e r s e d   u p w a r d l y   as  i l l u s t r a t e d   by  a r r o w   53  and  r o t a t e d   a s  



i l l u s t r a t e d   by  a r r o w   54.   To  r e d u c e   m e c h a n i c a l   v i b r a t i o n ,  

t h r e e   s m a l l   s h o c k   a b s o r b e r s   w e r e   e m p l o y e d .   Each   of  t h e s e  

s h o c k   a b s o r b e r s   c o m p r i s e d   an  a i r   d a s h p o t ,   one  end   of  w h i c h  

was  f i x e d l y   m o u n t e d ,   t h e   o t h e r   end  h a v i n g   a  w h e e l   w h i c h  

r o d e   on  t h e   r o t a t i n g   m a n d r e l .  

The  f l o w   r a t e s   in   l i t r e s / m i n   of   g a s e s   and  r e a c t a n t  

v a p o u r s   t o   t h e   v a r i o u s   b u r n e r s   we re   as  t a b u l a t e d   i n  

T a b l e   1,  and   t h e   f u e l   gas   and   o x y g e n   f l o w   r a t e s   f o r   t h e  

a u x i l i a r y   b u r n e r s   w e r e   as  s e t   f o r t h   in  T a b l e   2.  Each   o f  

t h e   s o o t - p r o d u c i n g   b u r n e r s   was  p r o v i d e d   w i t h   a  7  cm  l o n g  

c y l i n d r i c a l   s h i e l d   o f   t h e   t y p e   to   be  d e s c r i b e d   in   c o n j u n -  

c t i o n   w i t h   F i g u r e   1 4 .  

The  r e a c t a n t   d e l i v e r y   s y s t e m   e m p l o y e d   in   t h i s   e x a m p l e  

i s   s c h e m a t i c a l l y   i l l u s t r a t e d   in  F i g u r e   7.  The  l i q u i d  

r e a c t a n t s   S i C l 4   and  GeC14  we re   m a i n t a i n e d   a t   40°C  and  35 °C 

in   r e s e r v o i r s   60  and  61 ,   r e s p e c t i v e l y .   O x y g e n   was  b u b b l e d  

t h r o u g h   t h e   l i q u i d   S i C l 4 ,   and  t h e   r e s u l t a n t   m i x t u r e   o f  



o x y g e n   and  S i C l 4   v a p o u r s   was  f e d   to   b u r n e r s   40,  41,  4 4 ,  

45  and  55b  v i a   a  p l u r a l i t y   of  v a l v e s   and  f l o w m e t e r s .  

Oxygen  was  a l s o   b u b b l e d   t h r o u g h   t h e   l i q u i d   GeCl4 ,   and   t h e  

r e s u l t a n t   m i x t u r e   of   o x y g e n   and  GeCl4   v a p o u r s   was  f e d   t o  

b u r n e r s   40,  44  and  45  v i a   a  s e c o n d   p l u r a l i t y   of  v a l v e s  

and  f l o w m e t e r s .   The  t e m p e r a t u r e   o f   t h e   l i q u i d   r e a c t a n t  

and  t h e   f l o w m e t e r   r e a d i n g   f o r   b o t h   o x y g e n   and  r e a c t a n t  

b e i n g   k n o w n ,   t h e   f l o w   r a t e s   of   t h e   o x y g e n   and  t h e   r e a c t a n t  

v a p o u r   w e r e   c a l c u l a t e d .   The  c a l c u l a t e d   v a l u e s   a r e   s e t  

f o r t h   in  T a b l e   1.  For   t h i s   r e a s o n ,   t h e   f l o w   r a t e   of   o x y g e n  

i s   l i s t e d   t w i c e   u n d e r   " r e a c t a n t s " ,   e a c h   l i s t i n g   b e i n g   f o r  

o x y g e n   f l o w   r a t e   f r o m   a  r e s p e c t i v e   b u b b l e r .   A  p r e f o r m   w a s  

made  and  c o n s o l i d a t e d ,   no  a t t e m p t   b e i n g   made  to   d r y   t h e  

p r e f o r m .   The  c o n s o l i d a t e d   p r e f o r m   was  d rawn   i n t o   a  f i b r e  

h a v i n g   an  a t t e n u a t i o n   of  2 .9   dB/km  a t   850  nm  and  1 . 5 4   d B /  

km  a t   1060  nm.  

The  maximum  d e p o s i t i o n   r a t e   f o r   s t e a d y   s t a t e   d e p o s -  

i t i o n   on  t h e   a p p a r a t u s   of  F i g u r e s   1  to   5  was  4 .7   g / m i n .  

P r e f o r m s   f a b r i c a t e d   u n d e r   t h e s e   c o n d i t i o n s   a p p r o a c h e d  

13  cm.  in  d i a m e t e r .   A  t y p i c a l   m i c r o p r o b e   a n a l y s i s   o f  

t h e   Ge°2  c o n c e n t r a t i o n   a c r o s s   t h e   d i a m e t e r   of  t h e   c o r e  

r e g i o n   of  a  p r e f o r m   is  shown  in   F i g u r e   8.  The  a x i a l   c o r e  

r e g i o n ,   w h i c h   i s   l o c a t e d   b e t w e e n   a b o u t   8 , 0 0 0   and  1 8 , 0 0 0  

m i c r o n s ,   h a s   a  Ge02  c o n c e n t r a t i o n   g r a d i e n t   r e p r e s e n t e d  

by  c u r v e   90 ,   and  t h e   l a t e r a l   c o r e   r e g i o n s   have   G e ° 2  
c o n c e n t r a t i o n   g r a d i e n t s   r e p r e s e n t e d   by  c u r v e s   91  and  9 2 .  

L a r g e   d e p r e s s i o n s   93  and  94  o c c u r   in   t h e   c o n c e n t r a t i o n  

g r a d i e n t   b e t w e e n   t h e   a x i a l   c o r e   r e g i o n   90  and  t h e  l a t e r a l  

c o r e   r e g i o n s   91  and   92,  r e s p e c t i v e l y .   The  l o s s   of  g e r m a n i a  

e v i d e n c e d   by  d e p r e s s i o n s   93  and  94  i s   p r o b a b l y   c a u s e d   by  a  

low  t e m p e r a t u r e   zone   in  t h a t   r e g i o n   of  p r e f o r m   47  b e t w e e n  

t h e   a x i a l l y - p r o d u c e d   c o r e   46  and  l a t e r a l l y - p r o d u c e d   c o r e   5 0 .  

O p t i c a l   f i b r e s   of  t h e   t y p e   f o r m e d   in   a c c o r d a n c e  

w i t h   t h e   a b o v e   e x a m p l e   a re   u s e f u l   f o r   p r o p a g a t i n g   o p t i c a l  

s i g n a l s   o v e r   r e l a t i v e l y   l o n g   d i s t a n c e s   b e c a u s e   of  t h e   l o w  

l o s s   t h e r e o f .   H o w e v e r ,   b e c a u s e   of   t h e   p r e s e n c e   o f  



d e p r e s s i o n s   93  and  94  in   t h e   c o r e   d o p a n t   c o n c e n t r a t i o n ,  

t h e   r e f r a c t i v e   i n d e x   g r a d i e n t   o f   s u c h   a  f i b r e   w o u l d   h a v e  

s i m i l a r   d e p r e s s i o n s .   A  m u l t i m o d e   f i b r e   h a v i n g   s u c h   i n d e x  

d e p r e s s i o n s   w o u l d   have   a  b a n d w i d t h   n o t   much  h i g h e r   t h a n  

t h a t   of  a  s t e p   i n d e x   f i b r e .   H o w e v e r ,   a  s i n g l e   mode  f i b r e  

h a v i n g   r e f r a c t i v e  i n d e x   d e p r e s s i o n s   w i t h i n   t h e   c o r e   c a n  

p r o v i d e   h i g h   b a n d w i d t h .   Such  a  s i n g l e   mode  f i b r e   i s  

d i s c l o s e d   in   J a p a n e s e   K o k a i   1 0 4 0 4 0 / 8 3 .  

As  m e n t i o n e d   a b o v e ,   i t   i s   d e s i r a b l e   t o   m i n i m i z e   t h e  

r e f r a c t i v e   i n d e x   d e p r e s s i o n s   93  and  94  of  F i g u r e   8  in  o r d e r  

to   o b t a i n   h i g h   b a n d w i d t h   m u l t i m o d e   o p t i c a l   f i b r e s .   An  

o p t i c a l   w a v e g u i d e   p r e f o r m   h a v i n g   t h e   i m p r o v e d   g e r m a n i a  

c o n c e n t r a t i o n   g r a d i e n t   i l l u s t r a t e d   in   F i g u r e   9  was  o b t a i n e d  

by  m o d i f y i n g   t h e   p r o c e d u r e   s p e c i f i e d   in   t h e   a b o v e - d e s c r i b e d  

e x a m p l e .   In  t h i s   e m b o d i m e n t   p o i n t   C  was  l o c a t e d   a b o u t  

1  to   2  cm  b e l o w   end  s u r f a c e   49  o f   t h e   p r e f o r m   ( s e e   F i g u r e  

3 ) .   I n d e e d ,   b u r n e r s   40  and   41  w e r e   t r a v e r s e d   b e y o n d   e n d  

s u r f a c e   49  a  d i s t a n c e   s u f f i c i e n t   t h a t   t h e   s o o t   s t r e a m s  

t h e r e f r o m   no  l o n g e r   d e p o s i t e d   on  t h e   p r e f o r m .   A l s o ,  

b u r n e r s   44  and   45  w e r e   o s c i l l a t e d   a b o u t   end   s u r f a c e   49 

in   t h e   m a n n e r   d e s c r i b e d   h e r e i n b e l o w .   A p a r t   f r o m   t h e  

c h a n g e s   d e s c r i b e d   i m m e d i a t e l y   a b o v e ,   t h e   m e t h o d   w h i c h  

r e s u l t e d   in   a  p r e f o r m   r e p r e s e n t e d   by  t h e   m i c r o p r o b e   p r o f i l e  

of   F i g u r e   9,  i n c l u d i n g   f l o w   r a t e s   to   t h e   b u r n e r s ,   i s  

s i m i l a r   to   t h a t   d e s c r i b e d   in   t h e   f i r s t   e x a m p l e .  

The  a p p a r a t u s   f o r   o s c i l l a t i n g   b u r n e r s   44  and  45  a b o u t  

end   s u r f a c e   49  i s   i l l u s t r a t e d   i n   F i g u r e s   10  and   1 1 .  

B u r n e r s   44  and   45  a r e   m o u n t e d   on  p l a t f o r m   94  w h i c h   i s  

c o n n e c t e d   by  arm  95  to   s l e e v e   96  w h i c h   i s   r o t a t a b l y   m o u n t e d  

on  s h a f t   97 .   Worm  g e a r   98 ,   w h i c h   i s   r o t a t e d   by  m o t o r   9 9 ,  

e n g a g e s   c i r c u l a r   g e a r   100  w h i c h   i s   a f f i x e d   to   s l e e v e   9 6 .  

T h i s   m e c h a n i s m   can  be  e m p l o y e d   to   o s c i l l a t e   b u r n e r s   44  a n d  

45  a l o n g   an  a r c u a t e   p a t h   b e l o w   p r e f o r m   end  s u r f a c e   49  a s  

i n d i c a t e d   by  a r r o w   101  by  c o n t i n u o u s l y   c h a n g i n g   t h e   d i r e c -  

t i o n   of   r o t a t i o n   of  m o t o r   9 9 .  



The  m o v e m e n t   of  b u r n e r s   40,  41,   44,   45  and  55  m a y  
be  s y n c h r o n i z e d   in   t h e   m a n n e r   i l l u s t r a t e d   in  F i g u r e s   12  

and  13.  As  shown  in  F i g u r e   12,  b u r n e r s   44  and  45  h a v e  

o s c i l l a t e d   to   one  e x t r e m e   p o s i t i o n   when  b u r n e r   40  h a s  

r e a c h e d   i t s   l o w e s t   p o s i t i o n .   B u r n e r   41  i s   a t   t h e   t o p   o f  

i t s   p a t h ,  a n d   b u r n e r   55  in   t h e   c e n t r e   of   i t s   p a t h   a n d  

i s   m o v i n g   u p w a r d l y .   The  a r r o w   c o n n e c t e d   t o  e a c h   b u r n e r  

i n d i c a t e s   t h e   d i r e c t i o n   in  w h i c h   i t   i s   m o v i n g   or  in   w h i c h  

i t   i s   a b o u t   to   m o v e .  

As  shown  i n   F i g u r e   13,  b u r n e r s   44  and  45  a r e   in  t h e  

m i d d l e   of   t h e i r   o s c i l l a t o r y   p a t h   when  b u r n e r s   40  and  4 1  

a r e   in   t h e   m i d d l e   of   t h e i r   p a t h s   of  m o v e m e n t .   At  t h i s  

t i m e   b u r n e r   55  h a s   j u s t   r e a c h e d   t h e   t o p   o f   i t s   p a t h .  
When  b u r n e r s   44  and  45  r e a c h   t h e   o p p o s i t e   p o s i t i o n  

of  t h e i r   s w i n g ,   b u r n e r   41  w i l l   have   r e a c h e d   i t s   l o w e s t  

p o i n t .   At  t h i s   t i m e   b u r n e r   40  w i l l   be  in   i t s   t o p m o s t  

p o s i t i o n ,   and  b u r n e r   55  w i l l   be  m o v i n g   d o w n w a r d l y   t h r o u g h  

t h e   m i d d l e   of   i t s   p a t h .  

In  t h e   f i n a l   p h a s e   of   b u r n e r   m o v e m e n t ,   b u r n e r   55  

r e a c h e s   t h e   b o t t o m   of   i t s   p a t h   as  b u r n e r s   40  and  41  a r e  

in  t he   m i d d l e   of  t h e i r   p a t h s ,   b u r n e r   40  m o v i n g   d o w n w a r d l y  

and  b u r n e r   41  m o v i n g   u p w a r d l y .   At  t h i s   t i m e ,   b u r n e r s   4 4  

and  45  a r e   in  t h e   m i d d l e   of  t h e i r   o s c i l l a t o r y   p a t h .  

A  f u r t h e r   a p p a r a t u s  f o r   s m o o t h i n g   t h e   g e r m a n i a  

c o n c e n t r a t i o n   p r o f i l e   i s   i l l u s t r a t e d   in   F i g u r e   14,  w h e r e i n  

e l e m e n t s   s i m i l a r   to   t h o s e   i l l u s t r a t e d   in   p r e v i o u s l y  

d i s c u s s e d   F i g u r e s   a r e   r e p r e s e n t e d   by  p r i m e d   r e f e r e n c e  

n u m e r a l s .   An  x - y   p o s i t i o n e r   c o m p r i s i n g   s e p a r a t e l y   m o v a b l e  

s e c t i o n s   70a  and  70b  i s   m o u n t e d   on  p l a t e   7 1 ' .   B u r n e r   4 0 '  

i s   a f f i x e d   to   a x l e   102  w h i c h   i s   r o t a t a b l y   m o u n t e d   i n  

b e a r i n g s   103.  A  c y l i n d r i c a l l y - s h a p e d   s h i e l d   104  i s   a f f i x e d  

to  b u r n e r   40 '   and  s p a c e d   f rom  t h e   b u r n e r   f a c e   by  a b o u t   4  mm. 

A  worm  g e a r   105  a f f i x e d   to   a x l e   102  i s   o p e r a t i v e l y   c o n n e c -  

t e d   to   g e a r   106  w h i c h   i s   r o t a t a b l e   by  a  m o t o r   107  a s  

i n d i c a t e d   by  d a s h e d   l i n e   108.   M o t o r   107  i s   c o n t r o l l e d   b y  



p u l s e s   g e n e r a t e d   by  a m p l i f i e r   109.   C o m p u t e r   84'   o p e r a t -  

i v e l y   c o n t r o l s   a m p l i f i e r   109  in  t h e   m a n n e r   d e s c r i b e d  

in  c o n j u n c t i o n   w i t h   F i g u r e   5  by  c i r c u i t   c o m p o n e n t s   n o t  

i l l u s t r a t e d   in   F i g u r e   1 4 .  

The  a p p a r a t u s   i l l u s t r a t e d   in   F i g u r e   14  can  c a u s e  

b u r n e r   40'  to   t r a v e r s e   b e t w e e n   p o i n t s   C'  and  D'  in   t h e  

m a n n e r   i l l u s t r a t e d   in   F i g u r e   15.   As  b u r n e r   40 '   p r o g r e s s e s  
f rom  p o i n t   D'  t o w a r d   C'  i t s   a x i s   i s   i n i t i a l l y   p e r p e n d i c u l a r  

t o   p r e f o r m   a x i s   4 2 ' .   When  b u r n e r   40'   r e a c h e s   p o i n t   G ,  

m o t o r   107  i s   e n e r g i z e d   and  b e g i n s   to   r o t a t e   b u r n e r   40'   s o  

t h a t   t h e   a x i s   t h e r e o f   i n t e r s e c t s   a x i s   42'   b u t   i s   no  l o n g e r  

p e r p e n d i c u l a r   t h e r e t o .   F o r   e x a m p l e ,   t h e   a x i s   of   b u r n e r  

40'   c o u l d   be  t i l t e d   u p w a r d l y   a l o n g   the   p r e f o r m   as  i l l u s t r -  

a t e d   in   F i g u r e   15;  a l t e r n a t i v e l y ,   t h e   a x i s   of   b u r n e r   4 0 '  

c o u l d   be  t i l t e d   d o w n w a r d l y   when  i t   r e a c h e s   t h e   u p p e r  

e x t r e m e   p o s i t i o n   a l o n g   i t s   p a t h .   A l s o ,   t h e   s o o t   s t r e a m  

f rom  b u r n e r   4 0 ' c a n   be  d i r e c t e d   d o w n w a r d l y   b e y o n d   e n d  

s u r f a c e   4 9 ' ,   o r   u p w a r d l y   a l o n g   t h e   p r e f o r m   when  t h e   b u r n e r  

r e a c h e s   p o i n t   C ' .  

A n o t h e r   m o d i f i c a t i o n   i l l u s t r a t e d   i n   F i g u r e   1 5  

e l i m i n a t e s   t h e   n e e d   to   e m p l o y   s e p a r a t e   a x i a l   b u r n e r s   t o  

f o r m   t h e   i n n e r   c o r e   r e g i o n   of   t h e   p r e f o r m .   As  b u r n e r   4 0 '  

t r a v e l s   f rom  p o i n t   D'  and   a r r i v e s   a t   some  p o i n t   s u c h   a s  

p o i n t   G,  i t   b e g i n s   t o   t r a v e l   a l o n g   an  a r c u a t e   p a t h   r e p r e s -  
e n t e d   by  d a s h e d   l i n e   110 .   I t   c o n t i n u e s   a l o n g   p a t h   1 1 0  

u n t i l   i t   r e a c h e s   p o i n t   C" ,   w h i c h   may  c o i n c i d e   w i t h   t h e  

p r e v i o u s l y   d e s c r i b e d   p o s i t i o n   of   an  a x i a l   b u r n e r .   D u r i n g  

i t s   m o v e m e n t   a l o n g   p a t h   110 ,   t h e   b u r n e r   may  t i l t   u p w a r d l y  

or   d o w n w a r d l y   as  d e s c r i b e d   a b o v e .   Upon  r e a c h i n g   p o i n t   C " ,  

t h e   b u r n e r   may  be   d i r e c t e d   a t   s u r f a c e   49 '   and  r e s i d e   f o r  

a  t i m e   s u f f i c i e n t   t o   e x t e n d   t h e  l e n g t h   of   s u r f a c e   49'   b y  

t h e   r e q u i r e d   a m o u n t .   B u r n e r   41'   c o u l d   f o l l o w   a  s i m i l a r  

a r c u a t e   p a t h   n e a r   t h e   e n d   of   t h e   p r e f o r m .  

The  a p p a r a t u s   i l l u s t r a t e d   in   F i g u r e   3  c o u l d   be  m o d i -  

f i e d   t o   c a u s e   a  b u r n e r   t o   t r a v e r s e  a   pëth  h a v i n g   l i n e a r   a n d  

a r c u a t e   s e c t i o n s .   The  l o w e r   s e c t i o n   of  v e r t i c a l   s h a f t   6 8  



w o u l d   be  c u r v e d   t o w a r d   p r e f o r m   a x i s   42.  B u s h i n g s   72 

w o u l d   h a v e   to   be  s u f f i c i e n t l y   s h o r t   t h a t   t h e y   w o u l d  

n o t   b i n d   on  t h e   c u r v e d   s e c t i o n   of  s h a f t .   R e v e r s i n g  

m e c h a n i s m   73  w o u l d   c o n t i n u e   t o  m o v e   in   a  l i n e a r ,  

v e r t i c a l   p a t h .   H o w e v e r ,   m e c h a n i s m   73  w o u l d   b e  

c o n n e c t e d   to   p l a t e   71  in   s u c h   a  m a n n e r   t h a t   v e r t i c a l  

m o v e m e n t   of   m e c h a n i s m   73  c o u l d   c a u s e   v e r t i c a l  

m o v e m e n t   of   p l a t e   71,  b u t   m e c h a n i s m   73  c o u l d   s l i d e  

h o r i z o n t a l l y   w i t h   r e s p e c t   to   p l a t e   71.  Such   a  

m o d i f i c a t i o n   to   t h e   a p p a r a t u s   of  F i g u r e   3,  c o u p l e d  

w i t h   t h e   b u r n e r   r o t a t i n g   m e c h a n i s m   of  F i g u r e   14  w o u l d  

e n a b l e   a  b u r n e r   to   move  r e c i p r o c a t i n g l y   a l o n g   a  l i n e a r  

p a t h   b e t w e e n   p o i n t s   D'  and  G,  f o r   e x a m p l e ,   and  t h e n  

move  a l o n g   an  a r c u a t e   p a t h   110  to   p o i n t   C"  w h i l e  

d i r e c t i n g   a  s o o t   s t r e a m   t o w a r d   end  p o r t i o n   49 '   of  t h e  

p r e f o r m   c o r e   m e m b e r .  

The  two  or  more   l o n g i t u d i n a l l y   t r a v e r s i n g   b u r n e r s  

40 '   and  41'   n e e d   n o t   t r a v e r s e   b e t w e e n   t h e   same  t w o  

end   p o i n t s .   For  e x a m p l e ,   b u r n e r   41'  c o u l d   s t o p   a t   p o i n t   C '  

w h i l e   b u r n e r   40'   t r a v e r s e s   l o n g i t u d i n a l l y   t o   p o i n t   C " .  

A l s o   b u r n e r   40'   c o u l d   t r a v e r s e   u p w a r d l y   t o   p o i n t   D" 

w h i l e   b u r n e r   41'  t r a v e r s e s   b e y o n d   t h a t   p o i n t   t o   p o i n t  D ' .  

P o i n t   D"  c o u l d   be  s e l e c t e d   s u c h   t h a t   t h e   d o p a n t  

c o n c e n t r a t i o n   t a p e r s   t o   z e r o   a t   t h e   e d g e   of   t h e   c o r e .  

The  e m b o d i m e n t s   i l l u s t r a t e d   in  F i g u r e s   10,  11,  14  

and  15  s h o u l d   e n s u r e   b e t t e r   b l e n d i n g   of   s o o t   d u r i n g  

d e p o s i t i o n   to   p r e v e n t   or   m i n i m i z e   u n d e s i r a b l e   s o o t  

d e n s i t y   and  c o m p o s i t i o n   c h a n g e s .  

Some  o t h e r   m o d i f i c a t i o n s   to   t h e   f i r s t   d e s c r i b e d  

e m b o d i m e n t   a r e   as  f o l l o w s .   A  b u r n e r   c o u l d   e m i t   s o o t ,  

t h e   c o m p o s i t i o n   of  w h i c h   c o m p r i s e s   a  b a s e   g l a s s   and  t w o  

or   more   d o p a n t s .   For   e x a m p l e ,   a  b u r n e r   d e p o s i t i n g   S i 0 2  

d o p e d   w i t h   GE02  and  P205  wou ld   a l l o w   t h e   f a b r i c a t i o n   o f  

an  o p t i c a l   f i b r e   h a v i n g   l o w e r   d i s p e r s i o n .   In  a d d i t i o n  

to   v a r y i n g   b u r n e r   v e l o c i t y ,   t he   a m o u n t s   of   one   or   m o r e  



c o n s t i t u e n t s   c o u l d   v a r y   w i t h   b u r n e r   p o s i t i o n   a s  

d i s c l o s e d   in   U.S .   P a t e n t   4 , 3 7 8 , 9 8 5 .   T h r e e   or  m o r e  

l a t e r a l   m o v i n g ,   v a r i a b l e   s p e e d   b u r n e r s   c o u l d   b e  

e m p l o y e d ,   e a c h   d e p o s i t i n g   s o o t   h a v i n g   a  d i f f e r e n t  

c o m p o s i t i o n .  

In  t h e   e m b o d i m e n t   o f   F i g u r e   16  a  c o a t i n g   111  of   s o o t  

i s   d e p o s i t e d   on  m a n d r e l   112  by  b u r n e r s   40 '   and  4 1 ' .   A 

c o a t i n g   113  i s   d e p o s i t e d   on  t h e   s u r f a c e   of  c o a t i n g   1 1 1  

by  b u r n e r   5 5 ' .   M a n d r e l   112  may  be  f o r m e d   of  a  m a t e r i a l  

s u c h   as  g l a s s ,   c e r a m i c   or  t h e   l i k e   h a v i n g   a  c o e f f i c i e n t  

of   e x p a n s i o n   c o m p a t i b l e   w i t h   t h a t   of   t h e   d e p o s i t e d  

m a t e r i a l .   M a n d r e l   112  i s   r o t a t e d   and  l o n g i t u d i n a l l y  

t r a n s l a t e d   as  i n d i c a t e d   by  a r r o w s   114  and  115  b y  

c h u c k   116.   B u r n e r s   40'   and  41 '   r e c i p r o c a t e   b e t w e e n  

p o s i t i o n s   C  and  D,  and  b u r n e r   55 '   r e c i p r o c a t e s  

b e t w e e n   p o s i t i o n s   E  and  F.  T h i s   f i g u r e   i l l u s t r a t e s   t h e  

e m b o d i m e n t   w h e r e i n   t h e   e x t e n t   of  t r a v e r s e   of  b u r n e r   5 5 '  

d o e s   n o t   o v e r l a p   t h e   e x t e n t   o f   t r a v e r s e   of  b u r n e r s   4 0 '  

and  4 1 ' .   I f   m a n d r e l   112  i s   to   be  r e m o v e d   f rom  t h e  

p o r o u s   p r e f o r m   p r i o r   to   c o n s o l i d a t i o n   t h e r e o f ,   t h e  

m a n d r e l   s u r f a c e   may  be  c o a t e d   w i t h   a  l a y e r   of  c a r b o n  

s o o t   p r i o r   to   t h e   d e p o s i t i o n   of   g l a s s   s o o t   t h e r e o n   a s  

d e s c r i b e d   in   U .S .   P a t e n t   N o .  4 , 2 3 3 , 0 5 2 .  

A f t e r   t h e   p r e f o r m s   p r o d u c e d   i n   a c c o r d a n c e   w i t h   t h e  

a f o r e m e n t i o n e d   m e t h o d s   h a v e   r e a c h e d   a  s u i t a b l e   l e n g t h ,  

t h e y   may  be  r e m o v e d   f rom  t h e   d e p o s i t i o n   a p p a r a t u s   a n d  

t r a n s p o r t e d   to   a  c o n s o l i d a t i o n   f u r n a c e   w h e r e   t h e y   a r e  

h e a t e d   to   a  t e m p e r a t u r e   s u f f i c i e n t l y   h i g h   t o   c o n s o l i d a t e  

t h e   g l a s s   s o o t   p a r t i c l e s   and  f o r m   a  s o l i d   g l a s s   o p t i c a l  

w a v e g u i d e   d r a w   b l a n k .   I f   t h e   m a n d r e l   i s   r e m o v e d   f r o m   t h e  

p r e f o r m   p r i o r   t o   d r a w i n g ,   t h e   e n t i r e   f i b r e   c o r e   may  b e  

f o r m e d   of  g l a s s   d e p o s i t e d   by  t h e   m o v i n g   b u r n e r s   401  a n d  

411  ( s e e   F i g u r e   1 6 ) .   A l t e r n a t i v e l y ,   t h e   i n i t i a l l y  

p r o v i d e d   m a n d r e l   112  of  F i g u r e   16  may  fo rm  t h e   c e n t r a l  



c o r e   r e g i o n   w h i l e   t he   g l a s s   d e p o s i t e d   by  b u r n e r s   4 0 '  

and  41'  f o r m s   t h e   o u t e r   p o r t i o n   of   t h e   c o r e .  

To  p r o d u c e   an  o p t i c a l   w a v e g u i d e   f i b r e ,   c o n t i n u o u s l y ,  

an  a p p a r a t u s   s u c h   as  t h a t   i l l u s t r a t e d   in   F i g u r e   17  m a y  

be  e m p l o y e d .   T h i s   a p p a r a t u s   i s   s i m i l a r   to   t h a t   d e s c r i b e s  

in   U.S.   P a t e n t s   Nos .   4 , 2 3 0 , 4 7 2   and  4 , 3 1 0 , 3 3 9 .   S o o t  

p r e f o r m   117  i s   s u p p o r t e d   and  r o t a t e d   by  means   118  w h i l e  

i t   i s   l o n g i t u d i n a l l y   t r a n s l a t e d   t h e r e b y   in   t h e  

d i r e c t i o n   of   a r r o w   119.   Means  118  may  c o m p r i s e ,   f o r  

e x a m p l e ,   a  p l u r a l i t y   of  r o l l e r s   s u r r o u n d i n g   p r e f o r m   1 1 7  

and  m o u n t e d   so  as  to   s u p p o r t ,   r o t a t e   and  t r a n s l a t e   t h e  

s t r u c t u r e .   Such   s u p p o r t   r o l l e r s   means   a r e   w e l l   known  i n  

t h e   a r t .   H e a t e r s   121  h e a t   t h e   p o r o u s   p r e f o r m   to   a  

t e m p e r a t u r e   s u f f i c i e n t   to   c o n s o l i d a t e   i t   i n t o   a  s o l i d  

g l a s s   rod   122 .   The  c o n s o l i d a t e d   r o d   i s   s u p p o r t e d   a n d  

r o t a t e d   by  m e a n s   123  w h i c h   i s   s i m i l a r   to   t h e   a f o r e -  

m e n t i o n e d   m e a n s   118.   The  c o n s o l i d a t e d   rod   122  p a s s e s  
b e t w e e n   h e a t e r s   124  w h e r e   t h e   t e m p e r a t u r e   t h e r e o f   i s  

r a i s e d   to   t h e   d r a w i n g   t e m p e r a t u r e   of  t h e   m a t e r i a l  

t h e r e o f   and  i s   d r a w n   i n t o   an  o p t i c a l   w a v e g u i d e   f i b r e  

125  which   i s   wound   on  r e e l   120.   T h u s ,   a  p r e f o r m   b e i n g  

f o r m e d   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   may  b e  

s i m u l t a n e o u s l y   d r awn   i n t o   a  f i b r e .  

F i g u r e   18  shows   a  f r a g m e n t a r y   v i e w ,   in  p a r t i a l  

c r o s s - s e c t i o n ,   o f   a  p o r o u s   p r e f o r m   f o r m e d   by  t h e  

a p p a r a t u s   of  any  of  t h e   a b o v e - d e s c r i b e d   e m b o d i m e n t s .  

C o n i c a l l y   s h a p e d   l a y e r s   128  a r e   d i s p o s e d   o n  

c y l i n d r i c a l l y   s h a p e d   s t a r t i n g   member   129.   Each  of   t h e  

l a y e r s   128  i s   f o r m e d   of  two  s u b l a y e r s .   S u b l a y e r s  

i l l u s t r a t e d   by  a  d e n s e   do t   p a t t e r n   h a v e   h i g h   d o p a n t  

c o n c e n t r a t i o n .   S u b l a y e r s   i l l u s t r a t e d   by  a  s p a r s e   d o t  

p a t t e r n   r e p r e s e n t   a  r e g i o n   c o n t a i n i n g   l i t t l e   or   n o  

d o p a n t .   W h i l e   s t a r t i n g   member   129  i s   shown  in  a  d i f f e r e n t  

t y p e   of  c r o s s - s e c t i o n ,   t h a t   member   c o u l d   be  an  a x i a l l y  

fo rmed   p o r o u s   s t r u c t u r e   of  t h e   t y p e   i l l u s t r a t e d   i n  

F i g u r e   1  or  a  s o l i d   m a n d r e l   of  t h e   t y p e   i l l u s t r a t e d   i n  

F i g u r e   16.  The  t h i c k n e s s e s   of  t h e   s u b l a y e r s   v a r y   w i t h  



p r e f o r m   r a d i u s .   S o m e w h e r e   a l o n g   t h e   e x t e n t   of  e a c h  

l a y e r ,   t h e   p o s i t i o n s   of   the   s u b l a y e r s   a r e   r e v e r s e d   d u e  

to   t h e   c r o s s i n g   of   t h e   b u r n e r s   w h i c h   f o r m   t h o s e   s u b -  

l a y e r s .  

For   e x a m p l e ,   t h e   l a y e r   r e p r e s e n t e d   by  t h e   d e n s e   d o t  

p a t t e r n   may  c o n s i s t   of   S i 0 2   d o p e d   w i t h   Ge02.   T h e  

l a y e r   r e p r e s e n t e d   by  a  s p a r s e   d o t   p a t t e r n   may  c o n s i s t  

o f   p u r e   S i 0 2 .   The  r e f r a c t i v e   i n d e x   a t   any  r a d i u s  

w i t h i n   a  p a r t i c u l a r   l a y e r   d e p e n d s   u p o n   t h e   r e l a t i v e  

t h i c k n e s s e s   of   t h e   two  d i f f e r e n t l y   d o p e d   s u b l a y e r s  

w i t h i n   t h e   l a y e r .   In  an  o p t i c a l   w a v e g u i d e   p r e f o r m ,   t h e  

G e 0 2 - c o n t a i n i n g   s u b l a y e r   w i t h i n   e a c h   l a y e r   has   a  g r e a t e r  

t h i c k n e s s   n e a r   t h e   c e n t r e   of   t h e   p r e f o r m .   T h i s   i s  

c a u s e d   by  t h e   s l o w e r   m o v e m e n t   of  t h e   b u r n e r   w h i c h  

d e p o s i t s   t h e   GeO2  c o n t a i n i n g   s o o t   as  i t   f o r m s   t h a t  

p o r t i o n   of  t h e   c o n i c a l l y   s h a p e d   l a y e r   w h i c h   has   a  

r e l a t i v e l y   s m a l l   r a d i u s .  

C o n i c a l l y   s h a p e d   l a y e r s   130  of  low  r e f r a c t i v e  

i n d e x   m a t e r i a l   a r e   f o r m e d   on  t h e   o u t e r   s u r f a c e   of  t h e  

p r e f o r m   s e c t i o n   f o r m e d   by  l a y e r s   128.   The  s p a r s e   d o t  

p a t t e r n   of  l a y e r s   130  i n d i c a t e s   t h a t   t h e y   a r e   f o r m e d  

of  a  m a t e r i a l   h a v i n g   l i t t l e   or   no  r e f r a c t i v e   i n d e x -  

i n c r e a s i n g   d o p a n t .  T h i s   o u t e r   or  c l a d d i n g   r e g i o n   of  t h e  

p r e f o r m   c o u l d   a l s o   be  f o r m e d   of  a  b a s e   g l a s s   s u c h   a s  

SiO2  d o p e d   w i t h   a  m a t e r i a l   s u c h   as  B203  w h i c h   d e c r e a s e s  

t h e   r e f r a c t i v e   i n d e x   of   t h e   b a s e   g l a s s .   The  number   o f  

l a y e r s   130  can  be  e q u a l   to   or   d i f f e r e n t   f r o m   t h e   n u m b e r  

of   l a y e r s   128,   and  t h e   p i t c h   of  t h e s e   two  l a y e r s   can  b e  

t h e   same  or  d i f f e r e n t ,   d e p e n d i n g   upon   t h e   s p e e d s   of  t h e  

b u r n e r s   d e p o s i t i n g   t h e   l a y e r s   and  t h e   a m o u n t   of  s o o t  

d e p o s i t e d   p e r   p a s s .  
The  m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   can  a l s o   b e  

e m p l o y e d   to   fo rm  c y l i n d r i c a l l y   s h a p e d   l a y e r s .   R e f e r r i n g  

to   F i g u r e   19,  b u r n e r s   133  and  134  c o n t i n u o u s l y  

t r a v e r s e   t h e   same  l o n g i t u d i n a l   p o r t i o n   of  r o t a t i n g  



m a n d r e l   135 .   B u r n e r   133  p r o d u c e s   a  s t r e a m   of   s o o t ,  

t h e   c o m p o s i t i o n   of  w h i c h   i s   s u c h   t h a t   i t   ha s   a  r e l a t i v e l y  

h i g h   r e f r a c t i v e   i n d e x .   B u r n e r   134  p r o d u c e s   a  s t r e a m   o f  

s o o t ,   t h e   c o m p o s i t i o n   of  w h i c h   i s   s u c h   t h a t   i t   has   a  

r e l a t i v e l y   low  r e f r a c t i v e   i n d e x .   When  l a y e r s   o f  

r e l a t i v e l y   s m a l l   r a d i i   a r e   b e i n g   f o r m e d ,   bhe  b u r n e r  

p r o d u c i n g   t h e   h i g h   r e f r a c t i v e   i n d e x   s o o t   moves   m o r e  

s l o w l y   t h a n   t h a t   w h i c h   p r o d u c e s   t h e   r e l a t i v e l y   l o w  

r e f r a c t i v e   i n d e x   s o o t .   T h i s   b u r n e r   s p e e d   r a t i o   i s  

g r a n d u a l l y   c h a n g e d   as  p r e f o r m   r a d i u s   i n c r e a s e s ,   t h e  

r e l a t i v e   t h i c k n e s s   of  t h e   h i g h   r e f r a c t i v e   i n d e x   s o o t  

s u b l a y e r   b e c o m i n g   s m a l l e r   w i t h   i n c r e a s i n g   r a d i u s .   T o w a r d  

t h e   o u t e r   p o r t i o n   of   t h e   c o r e   r e g i o n   of   t h e   p r e f o r m ,  

t h e   t h i c k n e s s   of  t h e   low  r e f r a c t i v e   i n d e x   s o o t   s u b l a y e r  

i s   g r e a t e r   t h a n   t h a t   of   t h e   h i g h   r e f r a c t i v e   i n d e x   s o o t  

s u b l a y e r .   R e f e r r i n g   to   F i g u r e   20,   f i r s t ,   s e c o n d   a n d  

t h i r d   l a y e r s   137,   138  and  139  of   s o o t   a r e   c o n s e c u t i v e l y  

a p p l i e d   to   s t a r t i n g   member   135.   As  d i s c u s s e d   in   c o n n e c t i o n  

w i t h   F i g u r e   18,  s o o t   h a v i n g   a  r e l a t i v e l y   h i g h   r e f r a c t i v e  

i n d e x   i s   r e p r e s e n t e d   by  a  d e n s e   d o t   p a t t e r n   w h i l e   t h a t  

h a v i n g   a  r e l a t i v e l y   low  r e f r a c t i v e   i n d e x   i s   r e p r e s e n t e d  

by  a  s p a r s e   d o t   p a t t e r n .   S i n c e   l a y e r s   h a v i n g   r e l a t i v e l y  

s m a l l   r a d i i   m u s t   h a v e   a  r e l a t i v e l y   h i g h   r e f r a c t i v e   i n d e x ,  

t h e   b u r n e r   w h i c h   p r o d u c e s   t h e   s o o t   h a v i n g   r e l a t i v e l y  

h i g h   r e f r a c t i v e   i n d e x   moves   more   s l o w l y   t h a n   t h a t   w h i c h  

p r o d u c e s   t h e   r e l a t i v e l y   low  r e f r a c t i v e   i n d e x   s o o t .   A t  

t h e   p o i n t   of   c r o s s o v e r   of   t h e   two  b u r n e r s ,   t h e   r e l a t i v e  

r a d i a l   p o s i t i o n s   of   t h e   r e l a t i v e l y   h i g h   r e f r a c t i v e   i n d e x  

s u b l a y e r   and  t h e   r e l a t i v e l y   low  r e f r a c t i v e   i n d e x  

s u b l a y e r   w i t h i n   a  p a r t i c u l a r   l a y e r   a r e   r e v e r s e d .   T h e  

c r o s s o v e r   p o i n t   can  o c c u r   a t   d i f f e r e n t   l o n g i t u d i n a l  

p o s i t i o n s   a l o n g   m a n d r e l   135  as  i l l u s t r a t e d   in   F i g u r e   2 0 .  

I f   d e s i r e d ,   b u r n e r s   133  and  134  can  s i m u l t a n e o u s l y   b e g i n  

t h e i r   s c a n   a t   o p p o s i t e   ends   of   m a n d r e l   135.   O b v i o u s l y  

t h i s   n e c e s s i t a t e s   t h e   f a s t   m o v i n g   b u r n e r   w a i t i n g   t h e   e n d  



of  i t s   s c a n   so  t h a t   t h e   s l o w   b u r n e r   can  f i n i s h   i t s  

t r a v e r s e   b e f o r e   t h e   two  b u r n e r s   a g a i n   s i m u l t a n e o u s l y  

b e g i n   t h e i r   t r a v e r s e .  



1.  A  m e t h o d   of  f o r m i n g   a  p o r o u s   p r e f o r m ,   c o m p r i s i n g   t h e  

s t e p s   of   r o t a t i n g   an  e l o n g a t e   c y l i n d r i c a l   c o r e   member   a b o u t  

i t s   l o n g i t u d i n a l   a x i s ;   and  d e p o s i t i n g   a  p l u r a l i t y   of   l a y e r s  

of   g l a s s   p a r t i c l e s   on  s a i d   c o r e   member   to   b u i l d   up  a  f i r s t  

c o a t i n g   of   g i v e n   t h i c k n e s s   t h e r e o n ,   w h e r e i n   e a c h   of   s a i d  

l a y e r s   i s   f o r m e d   by  d i r e c t i n g   t o w a r d   t h e   l a t e r a l   s u r f a c e  

of   s a i d   c o r e   member   a  f i r s t   s t r e a m   of   g l a s s   p a r t i c l e s  

h a v i n g   a  p r e d e t e r m i n e d   c o m p o s i t i o n ,   r e c i p r o c a t i n g l y   m o v i n g  

s a i d   f i r s t   s t r e a m   a l o n g   a  g i v e n   l e n g t h   of   s a i d   c o r e   m e m b e r  

a t   a  v e l o c i t y   w h i c h   i s   a  p r e d e t e r m i n e d   f u n c t i o n   of   t h e   r a d -  

i u s   of   t h a t   p a r t   o f   t h e   f i r s t   c o a t i n g   t h a t   i s   b e i n g  

d e p o s i t e d ,   d i r e c t i n g   t o w a r d   t h e   l a t e r a l   s u r f a c e   of   s a i d  

c o r e   member   a  s e c o n d   s t r e a m   of  g l a s s   p a r t i c l e s   h a v i n g   a  

c o m p o s i t i o n   d i f f e r e n t   f rom  s a i d   p r e d e t e r m i n e d   c o m p o s i t i o n ,  

and  r e c i p r o c a t i n g l y   m o v i n g   s a i d   s e c o n d   s t r e a m   a l o n g   a  

l e n g t h   of   s a i d   c o r e   member   w h i c h   i n c l u d e s   s a i d   g i v e n   l e n g t h  

at   a  v e l o c i t y   w h i c h   i s   a  p r e d e t e r m i n e d   f u n c t i o n   of   t h e  

r a d i u s   of   t h a t   p a r t   o f  t h e   f i r s t   c o a t i n g   t h a t   i s   b e i n g  

d e p o s i t e d ,   t h e   v e l o c i t y   f u n c t i o n   of  s a i d   f i r s t   s t r e a m   b e i n g  

d i f f e r e n t   f r o m   t h a t   of  s a i d   s e c o n d   s t r e a m .  

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t h e   v e l o c i t y  

of  e a c h   of   s a i d   s t r e a m s   i s   a  f u n c t i o n   of   t h e   r a d i u s   of   t h e  

l a y e r   b e i n g   d e p o s i t e d ,   t h e   v e l o c i t y   v e r s u s   r a d i u s   f u n c t i o n  

of  s a i d   f i r s t   s t r e a m   b e i n g   d i f f e r e n t   f r o m   t h a t   of   s a i d  

s e c o n d   s t r e a m .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   2,  w h e r e i n   s a i d   f i r s t  

s t r e a m   d e p o s i t s   a  b a s e   g l a s s   and  s a i d   s e c o n d   s t r e a m   d e p o s i t s  

a  b a s e   g l a s s   and  a t   l e a s t   one  d o p a n t   t o   i n c r e a s e   t he   r e f r a -  

c t i v e   i n d e x   t h e r e o f   to   a  v a l u e   g r e a t e r   t h a n   t h a t   of  s a i d  

b a s e   g l a s s ,   t h e   v e l o c i t y   of  s a i d   f i r s t   s t r e a m   d e c r e a s i n g   a s  

t h e   r a d i u s   of   s a i d   p r e f o r m   i n c r e a s e s ,   and  t h e   v e l o c i t y   o f  

s a i d   s e c o n d   s t r e a m   i n c r e a s i n g   as  t h e   r a d i u s   of  s a i d   p r e f o r m  

i n c r e a s e s .  



4.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   3,  w h e r e i n   t h e   i n s t a n t -  

a n e o u s   d i r e c t i o n   of   m o v e m e n t  o f  s a i ' d  f i r s t   s t r e a m   i s  

o p p o s i t e   t h a t   o f   s a i d   s e c o n d   s t r e a m . .  

5.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   1,  f u r t h e r   c o m p r i s i n g  

t h e   s t e p   of   l o n g i t u d i n a l l y   m o v i n g   s a i d   c o r e   member   in   o n e  

d i r e c t i o n ,   t h e   v e l o c i t i e s   o f   s a i d   f i r s t   and  s e c o n d   s t r e a m s  

v a r y i n g   as  f u n c t i o n s   o f   t h e   p o s i t i o n s   o f   s a i d   s t r e a m s  

a l o n g   t h e i r   p a t h s   of   m o v e m e n t ,   t h e   v e l o c i t y   v e r s u s  

p o s i t i o n   f u n c t i o n   of   s a i d   f i r s t   s t r e a m   b e i n g   d i f f e r e n t  

f rom  t h a t   o f   s a i d   s e c o n d   s t r e a m ,   t h e   c o m b i n e d   d e p o s i t i o n  

of   s a i d   f i r s t   and   s e c o n d   s t r e a m s   b u i l d i n g   up  in   t h e   r e g i o n  

of  r e c i p r o c a t i n g   m o v e m e n t   of  s a i d   s t r e a m s   a  c o a t i n g   o f  

t h i c k n e s s   w h i c h   t a p e r s   f rom  z e r o   t h i c k n e s s   to   s a i d   g i v e n  

t h i c k n e s s .  

6.  A  m e t h o d   a c c o r d i n g   to   c l a i m   5,  w h e r e i n   t he   c o m p o s i t -  

i o n s   of   s a i d   f i r s t   and  s e c o n d   s t r e a m s   a r e   c o n s t a n t   w i t h  

r e s p e c t   to   t i m e .  

7.  A  m e t h o d   a c c o r d i n g   to   c l a i m   6,  w h e r e i n   s a i d   f i r s t  

s t r e a m   d e p o s i t s   a  b a s e   g l a s s   and  s a i d   s e c o n d   s t r e a m  

d e p o s i t s   a  b a s e   g l a s s   and  a t   l e a s t   one  d o p a n t   t o   i n c r e a s e  

t h e   r e f r a c t i v e   i n d e x   t h e r e o f   t o   a  v a l u e   g r e a t e r   t h a n   t h a t  

of  s a i d   b a s e   g l a s s ,   t h e   v e l o c i t y   of   s a i d   f i r s t   s t r e a m  

d e c r e a s i n g   as  i t   moves   f rom  t h e   r e g i o n   of  z e r o   t h i c k n e s s  

t o w a r d   s a i d   g i v e n   t h i c k n e s s ,   and   t h e   v e l o c i t y   of  s a i d  

s e c o n d   s t r e a m   i n c r e a s i n g   as  i t   moves   f r o m   t h e   r e g i o n   o f  

z e r o   t h i c k n e s s   t o w a r d   s a i d   g i v e n   t h i c k n e s s .  

8.  A  m e t h o d   a c c o r d i n g   to   c l a i m   5 ,6   or   7,  w h e r e i n   t h e  

c o r e   member   i s   an  e l o n g a t e   r o d   of  h i g h   p u r i t y   g l a s s   h a v i n g  

a  r e f r a c t i v e   i n d e x   g r e a t e r   t h a n   t h a t   o f   s a i d   f i r s t   c o a t i n g .  

9.  A  m e t h o d   a c c o r d i n g   to   c l a i m   5 ,6   or   7,  w h e r e i n   t h e  

c o r e   member   c o m p r i s e s   a  t e m p o r a r y   m a n d r e l ,   s a i d   m e t h o d  

f u r t h e r   c o m p r i s i n g   t h e   s t e p   of   d e p o s i t i n g   a  s e c o n d  



a d h e r e n t   c o a t i n g   of   g l a s s   p a r t i c u l a t e   m a t e r i a l   on  t h e  

s u r f a c e   of   s a i d   f i r s t   c o a t i n g ,   t h e   r e f r a c t i v e   i n d e x   o f  

s a i d   s e c o n d   c o a t i n g   b e i n g   l e s s   t h a n   t h a t   of   s a i d   f i r s t  

c o a t i n g ,   r e m o v i n g   s a i d   t e m p o r a r y   m a n d r e l   to   f o r m   a  p o r o u s  

p r e f o r m ,   h e a t i n g   s a i d   p o r o u s   p r e f o r m   to   s i n t e r   or   c o n s o l i d -  

a t e   i t   t h e r e b y   f o r m i n g   a  s o l i d   b l a n k ,   f u r t h e r   h e a t i n g   t h e  

s t r u c t u r e   so  f o r m e d   to   t h e   d r a w i n g   t e m p e r a t u r e   of   t h e  

m a t e r i a l s   t h e r e o f ,   and  d r a w i n g   t h e   h e a t e d   s t r u c t u r e   s o  

f o r m e d   t o   r e d u c e   t h e   c r o s s - s e c t i o n a l   a r e a   t h e r e o f   and  f o r m  

a  s u b s t a n t i a l l y   c o n t i n u o u s   o p t i c a l   w a v e g u i d e   f i b r e .  

10.  A  m e t h o d   a c c o r d i n g  t o   c l a i m   5,  w h e r e i n   t h e   i n s t a n t -  

a n e o u s   d i r e c t i o n   of  m o v e m e n t   of  s a i d   f i r s t   s t r e a m   i s  

o p p o s i t e   t h a t   of   s a i d   s e c o n d   s t r e a m .  

11.  A  m e t h o d   a c c o r d i n g   to   c l a i m   5,  w h e r e i n   t h e   c y l i n d r i c a l  

c o r e   member   i s   p r o v i d e d   by  p r o v i d i n g   a  s t a r t i n g   m e m b e r  

h a v i n g   a t   l e a s t   one  end   s u r f a c e ,   a p p l y i n g   an  a d h e r e n t   c o a t -  

i n g   of   g l a s s   p a r t i c l e s   to   s a i d   end  s u r f a c e   and  l o n g i t u d i n a -  

l l y   t r a n s l a t i n g   s a i d   s t a r t i n g   member   w h i l e   c o n t i n u o u s l y  

a p p l y i n g   s a i d   a d h e r e n t   c o a t i n g   of  p a r t i c l e s   to   c o n t i n u o u s l y  

form  t h e   end   p o r t i o n   of  s a i d   c o r e   m e m b e r .  

12.  A  m e t h o d   a c c o r d i n g   to   c l a i m   11,   w h e r e i n   t h e   r e f r a c t i v e  

i n d e x   of   s a i d   c o r e   member   i s   g r e a t e r   t h a n  t h e   r e f r a c t i v e  

i n d e x   of   any  p a r t   of   s a i d   f i r s t   c o a t i n g .  

13.  A  m e t h o d   a c c o r d i n g   to   c l a i m   11,   f u r t h e r   c o m p r i s i n g  

t h e   s t e p   of   d i r e c t i n g   a  t h i r d   s t r e a m   of   g l a s s   p a r t i c u l a t e  

m a t e r i a l   t o w a r d   a  l a t e r a l   s u r f a c e   of   s a i d   f i r s t   c o a t i n g   t o  

b u i l d   up  a  s e c o n d   c o a t i n g   of  g l a s s   p a r t i c l e s   t h e r e o n ,   t h e  

r e f r a c t i v e   i n d e x   of  s a i d   s e c o n d   c o a t i n g   b e i n g   l o w e r   t h a n  

t h a t   of  s a i d   c o r e   member   and  s a i d   f i r s t   c o a t i n g .  



14.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   13,  f u r t h e r   c o m p r i s i n g  

t h e   s t e p s   o f   c o n t i n u o u s l y   f e e d i n g   t h e   r e s u l t a n t   p r e f o r m  

i n t o   a  h i g h   t e m p e r a t u r e   f u r n a c e   t o   c o n s o l i d a t e   i t ,   t h e r e b y  

f o r m i n g   a  s o l i d   b l a n k ,   f u r t h e r   h e a t i n g   t h e   s t r u c t u r e   s o  

f o r m e d   to  t h e   d r a w i n g   t e m p e r a t u r e   o f   t h e   m a t e r i a l s   t h e r e o f ,  

and  d r a w i n g   t h e   h e a t e d   s t r u c t u r e   so  f o r m e d   to   r e d u c e   t h e  

c r o s s - s e c t i o n a l   a r e a   t h e r e o f   and   f o r m   a  s u b s t a n t i a l l y  

c o n t i n u o u s   o p t i c a l   w a v e g u i d e   f i b r e .  

15.  A  m e t h o d   a c c o r d i n g   to   c l a i m   11,  w h e r e i n   t h e   p a t h   o f  

r e c i p r o c a t i o n   of   a t   l e a s t   one  o f   s a i d   s t r e a m s   e x t e n d s  

b e y o n d   t h e   end   of   t h e   c o r e   m e m b e r .  

16.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   15,  w h e r e i n   t h e   s t e p   o f  

a p p l y i n g   an  a d h e r e n t   c o a t i n g   of   g l a s s   p a r t i c l e s   to   s a i d  

end   s u r f a c e   c o m p r i s e s   d i r e c t i n g   a  f o u r t h   s t r e a m   of   g l a s s  

p a r t i c l e s   t o w a r d   s a i d   end   s u r f a c e   and  o s c i l l a t i n g   t h e  

s o u r c e   of  s a i d   f o u r t h   s t r e a m   a b o u t   s a i d   end   s u r f a c e   s o  

t h a t   s a i d   f o u r t h   s t r e a m   i s   d i r e c t e d   a t   d i f f e r e n t   a n g l e s  

o n t o   t h e   end   p o r t i o n   of   s a i d   c o r e   m e m b e r .  

17.  A  m e t h o d   a c c o r d i n g   to   c l a i m   16,  w h e r e i n   t h e   o s c i l l -  

a t i o n   of  s a i d   f o u r t h   s t r e a m   i s   s y n c h o n i z e d   w i t h   t h e   r e c i p -  

r o c a t i o n   of   s a i d   f i r s t   and   s e c o n d   s t r e a m s ,   s a i d   f o u r t h  

s t r e a m   b e i n g   d i r e c t e d   t o w a r d   t h e   end   p o r t i o n   of  s a i d   c o r e  

member   f rom  a  s i d e   t h e r e o f   t h a t   i s   r e m o t e   f r o m   t h e   s i d e  

t h e r e o f   o n t o   w h i c h   s a i d   f i r s t   or   s e c o n d   s t r e a m   i s   d i r e c t e d .  

l 8 .   A  m e t h o d   a c c o r d i n g   t o   c l a i m   11,  w h e r e i n   a t   l e a s t   o n e  

of  s a i d   f i r s t   and  s e c o n d   s t r e a m s   i s   d i r e c t e d   p e r p e n d i c u l a r  

to   t h e   l o n g i t u d i n a l   a x i s   o f   s a i d   c o r e   member   d u r i n g   i t s  

r e c i p r o c a t i n g   m o v e m e n t   e x c e p t   d u r i n g   t h a t   t i m e   in   w h i c h  

s a i d   s t r e a m   is   a t   or   n e a r   t h e   end  of   i t s   t r a v e r s e   w h e n  

t h e   a x i s   of  s a i d   s t r e a m   b e c o m e s   o r i e n t a t e d   in   a  d i r e c t i o n  

o t h e r   t h a n   p e r p e n d i c u l a r   t o   s a i d   l o n g i t u d i n a l   a x i s .  



19.  A  m e t h o d   of   f o r m i n g   a  p o r o u s   g l a s s   p r e f o r m   c o m p r i s i n g  

t h e   s t e p s   o f :   p r o v i d i n g   a  s t a r t i n g   member   h a v i n g   an  a x i s  

of  r o t a t i o n   on  w h i c h   i s   s i t u a t e d   an  end   s u r f a c e ,   r o t a t i n g  

s a i d   s t a r t i n g   member   a b o u t   s a i d   a x i s ,   d i r e c t i n g   a t   l e a s t  

one  s t r e a m   of  g l a s s   p a r t i c l e s   o n t o   s a i d   end  s u r f a c e   t o  

b u i l d   up  an  a d h e r e n t   c o a t i n g   of  p a r t i c l e s   t h e r e o n ,   a n d  

l o n g i t u d i n a l l y   m o v i n g   s a i d   s t a r t i n g   member   to   m a i n t a i n   t h e  

n e w l y   f o r m e d   p o r t i o n   of  s a i d  a d h e r e n t   c o a t i n g   a  s u b s t a n t -  

i a l l y   f i x e d   d i s t a n c e   f r o m   t h e   s o u r c e   of   s a i d   a t   l e a s t   o n e  

s t r e a m ,   c o n t i n u e d   d e p o s i t i o n   of  s a i d   p a r t i c l e s   a n d  

l o n g i t u d i n a l   m o v e m e n t   of   t h e   r e s u l t a n t   b u i l d   up  f o r m i n g  

a  p o r o u s ,   c y l i n d r i c a l   member   h a v i n g   a  c o n t i n u o u s l y   f o r m e d  

end   p o r t i o n   c h a r a c t e r i z e d   b y  o s c i l l a t i n g   t h e   s o u r c e   o f  

s a i d   a t   l e a s t   one  s t r e a m   a b o u t   s a i d   end  s u r f a c e   p o r t i o n  

so  t h a t   s a i d   s t r e a m   i s   d i r e c t e d   a t   d i f f e r e n t   a n g l e s   o n t o  

t h e   e n d   p o r t i o n   of  s a i d   p o r o u s ,   c y l i n d r i c a l   m e m b e r ,  

d i r e c t i n g   a  l a t e r a l   s t r e a m   of  g l a s s   p a r t i c l e s   t o w a r d   s a i d  

p o r o u s ,   c y l i n d r i c a l   m e m b e r ,   and  r e c i p r o c a t i n g l y   m o v i n g  

s a i d   l a t e r a l   s t r e a m   w i t h   r e s p e c t   to   a  p o r t i o n  o f   t h e   l e n g t h  

of  s a i d   c y l i n d r i c a l   member   to   d e p o s i t   and  b u i l d   up  in   t h e  

r e g i o n   of  r e c i p r o c a t i n g   m o v e m e n t   of  s a i d   l a t e r a l   s t r e a m ,   a  

c o a t i n g   of  t h i c k n e s s   w h i c h   t a p e r s   f rom  a  maximum  t h i c k n e s s  

t o   z e r o   t h i c k n e s s ,   t h e   o s c i l l a t o r y   m o v e m e n t   of  s a i d   a t  

l e a s t   one  s t r e a m   b e i n g   s y n c h r o n i z e d   w i t h   t h e   r e c i p r o c a t i n g  

m o v e m e n t   of  s a i d   l a t e r a l   s t r e a m   so  t h a t   s a i d   a t   l e a s t   o n e  

s t r e a m   i s   d i r e c t e d   t o w a r d   t h e   end  p o r t i o n   of  s a i d   p o r o u s ,  

c y l i n d r i c a l   member   f rom  a  s i d e   t h e r e o f   t h a t   i s   r e m o t e   f r o m  

t h e   s i d e   t h e r e o f   o n t o   w h i c h   s a i d   l a t e r a l   s t r e a m   i s   d i r e c t e d .  

20.  A  m e t h o d   of  f o r m i n g   a  p o r o u s   g l a s s   p r e f o r m   c o m p r i s i n g  

t h e   s t e p s   of  p r o v i d i n g   an  e l o n g a t e   c y l i n d r i c a l   c o r e   m e m b e r ,  

r o t a t i n g   s a i d   c o r e   m e m b e r ,   l o n g i t u d i n a l l y   m o v i n g   s a i d   c o r e  

m e m b e r ,   d i r e c t i n g   a  f i r s t   s t r e a m   of  g l a s s   p a r t i c l e s   t o w a r d  

a  l a t e r a l   s u r f a c e   of   s a i d   c o r e   member  to   b u i l d   up  a  f i r s t  

c o a t i n g   of  g i v e n   t h i c k n e s s   t h e r e o n ,   and  c o n t i n u o u s l y  

r e c i p r o c a t i n g   s a i d   s t r e a m   of  p a r t i c u l a t e   m a t e r i a l   w i t h  



r e s p e c t   to   a  p o r t i o n   of   t h e   l e n g t h   of  s a i d   c o r e   m e m b e r  

to   d e p o s i t   and  b u i l d   up  i n   t h e   r e g i o n   of  r e c i p r o c a t i n g  

m o v e m e n t   of   s a i d   s t r e a m   a  c o a t i n g   of   t h i c k n e s s   w h i c h   t a p e r s  
f r o m   s a i d   g i v e n   t h i c k n e s s   to   z e r o   t h i c k n e s s ,   c h a r a c t e r i z e d  

in   t h a t   s a i d   s t r e a m   i s   d i r e c t e d   p e r p e n d i c u l a r   to   t h e  

l o n g i t u d i n a l   a x i s   o f   s a i d   c o r e   member   d u r i n g   i t s   r e c i p r o -  

c a t i n g   m o v e m e n t   e x c e p t   d u r i n g   t h a t   t i m e   in   w h i c h   s a i d  

s t r e a m   i s   a t   or   n e a r   t h e   end   of   i t s   p a t h   of  r e c i p r o c a t i o n  

when  t h e   a x i s   of  s a i d   s t r e a m   b e c o m e s   o r i e n t a t e d   in   a  

d i r e c t i o n   o t h e r   t h a n   p e r p e n d i c u l a r   to   s a i d   l o n g i t u d i n a l  

a x i s .  

21 .   A  m e t h o d   a c c o r d i n g   t o   c l a i m   20,   w h e r e i n   t h e   s t e p   o f  

p r o v i d i n g   a  c y l i n d r i c a l   c o r e   member   c o m p r i s e s   p r o v i d i n g   a  

s t a r t i n g   m e m b e r ,   r o t a t i n g   s a i d   s t a r t i n g   m e m b e r ,   m o v i n g  

s a i d   s t a r t i n g   member   a l o n g   i t s   a x i s   of   r o t a t i o n ,   a n d  

a p p l y i n g   an  a d h e r e n t   c o a t i n g   of  g l a s s   p a r t i c l e s   to   s a i d  

s t a r t i n g   m e m b e r ,   t h e   c o n t i n u e d   a p p l i c a t i o n   of   s a i d   a d h e r e n t  

c o a t i n g   c o m b i n e d   w i t h   t h e   l o n g i t u d i n a l   m o v e m e n t   of  s a i d  

s t a r t i n g   member   c a u s i n g   t h e   f o r m a t i o n   of  a  p o r o u s ,  

c y l i n d r i c a l l y - s h a p e d   c o r e   m e m b e r ,   t h e   c o n t i n u o u s l y   f o r m e d  

e n d   p o r t i o n   of   w h i c h   i s   l o c a t e d   on  or  n e a r   a  p l a n e   t h a t   i s  

p e r p e n d i c u l a r   to   s a i d   a x i s   of   r o t a t i o n .  
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